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LYMPHATIC AND BLOOD ENDOTHELIAL CELL GENES 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to polynucleotides and proteins specifically 
5 expressed in lymphatic endothelial cells. 

Description of the Related Art 

Recent evidence on the association of lymphangiogenic growth factors 
with intralymphatic growth and metastasis of cancers (Mandriota, et al., EMBO J. 
20:672-682 (2001); Skobe, et al., Nat. Med. 7:192-198 (2001); Stacker, et al., Nat 

10 Med. 7:186-191 (2001); Karpanen, et al.. Cancer Res. 67:1786-1790 (2001)) has 
raised hopes that lymphatic vessels could be used as an additional target for tumor 
therapy. Cancer cells spread within the body by direct invasion to surrounding 
tissues, spreading to body cavities, invasion into the blood vascular system 
(hematogenous metastasis), as well as spread via the lymphatic system (lymphatic 

15 metastasis). Regional lymph node dissemination is the first step in the metastasis of 
several common cancers and correlates highly with the prognosis of the disease. The 
lymph nodes that are involved in draining tissue fluid fi*om the tumor area are called 
sentinel nodes, and diagnostic measures are in place to find these nodes and to remove 
them in cases of suspected metastasis. However, in spite of its clinical relevance, 

20 little is known about the mechanisms leading to metastasis via the bloodstream or via 
the lymphatics. 

Until recently, the lymphatic vessels have received much less attention 
than blood vessels, despite their importance in medicine. Lymphatic vessels collect 
protein-rich fluid and white blood cells fi-om the interstitial space of most tissues and 
25 transport them as a whitish opaque fluid, the lymph, into the blood circulation. Small 
lymphatic vessels coalesce into larger vessels, which drain the lymph through the 
thoracic duct into large veins in the neck region. Ljmiph nodes serve as filtering 
stations along the lymphatic vessels and lymph movement is propelled by the 
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contraction of smooth muscles surrounding collecting lymphatic vessels and by bodily 
movements, the direction of flow being secured by valves as it is in veins. The 
lymphatic capillaries are lined by endothelial cells, which have distinct junctions with 
jfrequent large interendothelial gaps. The lymphatic capillaries also lack a continuous 
5 basement membrane, and are devoid of pericytes. Anchoring filaments connect the 
abluminal surfaces of lymphatic endothelial cells to the perivascular extracellular 
matrix and pull to maintain vessel patency in the presence of tissue edema. The 
absence or obstruction of lymphatic vessels, which is usually the result of an 
infection, surgery, or radiotherapy and in rare cases, a genetic defect, causes 

10 accumulation of a protein-rich fluid in tissues, lymphedema. The lymphatic system is 
also critical in fat absorption from the gut and in immune responses. Bacteria, 
viruses, and other foreign materials are taken up by the lymphatic vessels and 
transported to the lymph nodes, where the foreign material is presented to irmnune 
cells and where dendritic cells traverse via the lymphatics. There has been slow 

15 progress in the imderstanding of and ability to manipulate the lymphatic vessels. 

Abnormal development or function of the lymphatic ECs can result in 
tumors or malfomiations of the lymphatic vessels, such as lymphangiomas or 
lymphangiectasis. Witte, et al.. Regulation of Angiogenesis (eds. Goldber, I.D. & 
Rosen, E.M.) 65-112 (BirkSuser, Basel, Switzerland, 1997). The VEGFR-3 tyrosine 

20 kinase receptor is expressed in the normal lymphatic endothelium and is upregulated 
in many types of vascular tumors, including Kaposi's sarcomas. Jussila, et al.. Cancer 
Res 58, 1955-1604 (1998); Partanen, et al., Cancer 2406-24 12 (1999). Absence or 
dysfunction of lymphatic vessels which can result from an infection, surgery, 
radiotherapy or from a genetic defect, causes lymphedema, which is characterized by 

25 a chronic accumulation of protein-rich fluid in the tissues that leads to swelling. The 
importance of VEGFR-3 signaling for lymphangiogenesis was revealed in the 
genetics of familial lymphedema, a disease characterized by a hypoplasia of 
cutaneous lymphatic vessels, which leads to a disfiguring and disabling swelling of 
the extremities. Witte, et al.. Regulation of Angiogenesis (eds. Goldber, I.D. & Rosen, 

30 E.M.) 65-112 (Birkauser, Basel, Switzerland, 1997); Rockson, S.G, Am. J. Med. 110, 
288-295 (2001). Some members of families with lymphoedema are heterozygous for 
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missense mutations of the VEGFR3 exons encoding the tyrosine kinase domain, 
which results in an inactive receptor protein. Karkkainen, et ah. Nature Genet. 
25:153-159 (2000); Ixrthum, et aL,^m. J. Hum. Genet. 57:295-301 (2000). 

There is a need in the art for information on the transcriptional 
5 program which controls the diversity of endothehal cells, and into the mechanisms of 
angiogenesis and lymphangiogenesis. There is also a need in the art for new vascular 
markers, which may be used as valuable targets in the study of a number of diseases 
involving the lymphatic vessels, including tumor metastasis. 

SUMMARY OF THE INVENTION 
10 (TO BE REVISED UPON FINALIZATION OF CLAIMS] 

The compositions of the present invention include isolated 
polynucleotides, in particular, lymphatic endothelial genes, polypeptides, isolated 
polypeptides encoded by these polynucleotides, recombinant DNA molecules, cloned 
genes or degenerate variants thereof, especially naturally occurring variants such as 

15 allelic variants, and antibodies that specifically recognize one or more epitopes 
present on such polypeptides. 

The compositions of the present invention additionally include vectors, 
including expression vectors, containing the polynucleotides of the invention, cells 
genetically engineered to contain such polynucleotides and cells genetically 

20 engineered to express such polynucleotides. 

In selected embodiments, such isolated polynucleotides of the 
invention represent a polynucleotide comprising a nucleotide sequence set forth in the 
sequence Usting, e.g., any of SEQ ID NOS:1-30. 

The polynucleotides of the present invention also include, but are not 

25 limited to, a polynucleotide that hybridizes to the complement of the nucleotide 
sequence of SEQ ID NOS:1-30 under highly stringent hybridization conditions; a 
polynucleotide that hybridizes to the complement of the nucleotide sequence of SEQ 
ED NOS:1-30 under moderately stringent hybridization conditions; a polynucleotide 
which is an allelic variant of any polynucleotide recited above; a polynucleotide 

30 which encodes a species homologue of any of the proteins recited above; of a 
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polynucleotide that encodes a polypeptide comprising a specific domain or truncation 
of the polypeptide encoded by any one of SEQ ID NOS:1-30. Exemplary high 
stringency hybridization conditions are hybridization at 42°C for 20 hours in a 
solution containing 50% fomictmide, SxSSPE, 5x Denhardt's solution, 0.1% SDS and 
5 0.1 mg/ml denatured salmon sperm DNA, with a wash in IxSSC, 0.1% SDS for 30 
minutes at 65^C. 

Another aspect of the invention is drawn to LEC and BEC 
polypeptides, including polypeptides encoded by the polynucleotides described above. 
In some embodiments, the polypeptides are the mature forms of the polypeptides of 

10 the invention. Expressly contemplated is a purified and isolated polypeptide 
comprising an amino acid sequence selected firom the group consisting of SEQ ID 
NOS: 31-44, 46, 48, 50, 52, 81, 187, 207, 211, 221, 235, 241, 293, and 391; and a 
purified and isolated polypeptide comprising an amino acid sequence selected from 
the group consisting of: (a) SEQ ID NOS: 31-34, 46, 48, 207, 676, 859, and 861; and 

15 (b) an extracellular domain fragment of at least 10 amino acids of an amino acid 
sequence of (a). Further, this aspect of the invention includes a purified and isolated, 
soluble polypeptide as described immediately above, comprising an extracellular 
domain firagment of an amino acid sequence selected from the group consisting of : 
SEQ ID NOS: 31-34, 46, 48, 207, 676, 859, and 861, wherein the polypeptide lacks 

20 any transmembrane domain. Such a polypeptide may fiuther lack any intracellular 
domain. Also, the invention contemplates a fusion protein comprising a polypeptide 
as described above fused to an immunoglobulin fragment comprising an 
immunoglobulin constant region. 

In a related aspect, the invention provides a composition comprising a 

25 polypeptide or protein as described above and a phaimaceutically acceptable diluent, 
carrier or adjuvant. Polypeptide compositions of the invention may comprise an 
acceptable carrier, such as a hydrophilic, e.g., pharmaceutically acceptable, carrier. 
Further provided is a kit comprising such a composition and a protocol for 
administering the pharmaceutical composition to a mammalian subject to modulate 

30 the lymphatic system in the subject. The invention also provides an antibody that 
specifically binds to a polypeptide as described above, and that antibody is humanized 
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in some embodiments. Still fixrther, the invention provides a protein comprising an 
antigen binding domain of an antibody that specifically binds to a polypeptide as 
described hereinabove, wherein the protein specifically binds to the polypeptide. 

The invention also relates to methods for producing a polypeptide 
5 comprising growing a culture of the cells of the invention in a suitable culture 
medium, and purifying the protein fi-om the culture or firom an extract of the cells. In 
particular, the invention contemplates a method for producing a LEG polypeptide 
comprising steps of growing a host cell transformed or transfected with an expression 
vector as described herein under conditions in which the cell expresses the 

1 0 polypeptide encoded by the polynucleotide. 

Methods of identifying the products and compositions described herein 
are also provided by the invention. In particular, the invention provides a method of 
identifying a LEG nucleic acid comprising: (a) contacting a biological sample 
containing a candidate LEG nucleic acid with a polynucleotide comprising a firagment 

15 of at least 14 contiguous nucleotides of a sequence selected firom the group consisting 
of SEQ ID NOS:1-30, 45, 47, 49, 51, 82, 93, 111, 188, 208, 212, 236, 242, 294, and 
392, or a complement thereof, under the following stringent hybridization conditions: 
(i) hybridization at 42''C for 20 hours in a solution containing 50% formamide, 
5xSSPE, 5x Denhardt's solution, 0.1% SDS and 0.1 mg/ml denatured salmon sperm 

20 DNA, and (ii) washing for 30 minutes at 65**C in IxSSC, 0.1% SDS; and (b) detecting 
hybridization of the candidate LEG nucleic acid and the polynucleotide, thereby 
identifying a LEG nucleic acid. 

The invention also provides a method of identifying a LEG protein 
comprising: (a) contacting a biological sample containing a candidate LEG protein 

25 with a LEG protein binding partner selected firom the group consisting of an antibody 
as described herein or a protein or polypeptide as described herein, under conditions 
suitable for binding therebetween; and (b) detecting binding between the candidate 
LEG protein and the LEG binding partner, thereby identifying a LEG protein. 

Another related aspect of the invention is a method of identifying a 

30 LEG comprising: (a) contacting a biological sample comprising cells with a LEG 
binding partner under conditions suitable for binding therebetween, wherein the LEG 
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binding partner comprises an antibody that binds to a polypeptide comprising a 
sequence selected from the group consisting of SEQ ID NOS:31-34, 46, 48, 207, 676, 
859, and 861, or comprises an antigen binding fragment of the antibody; and (b) 
identifying a LEC by detecting binding between a cell and the LEG binding partner, 
5 where binding of the LEC binding partner to the cell identifies a LEC. 

Polynucleotides according to the invention have numerous applications 
in a variety of techniques known to those skilled in the art of molecular biology. 
These techniques include use as hybridization probes, use as primers for PGR, use for 
chromosome and gene mapping, use in the recombinant production of protein, and use 

10 in generation of anti-sense DNA or RNA, their chemical analogs and the like. For 
example, when the expression of an mRNA is largely restricted to a particular cell or 
tissue type, such as a lymphatic endothelial cell, polynucleotides of the invention can 
be used as hybridization probes to detect the presence of the particular cell or tissue 
mRNA in a sample using, e,g.^ in situ hybridization. 

IS In another aspect, the invention provides a composition comprising an 

isolated polynucleotide that comprises a nucleotide sequence that encodes a 
polypeptide comprising an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 31-44, 46, 48, 50, 52, 81, 187, 207, 211, 221, 235, 241, 293, and 391; 
and a pharmaceutically acceptable diluent, carrier or adjuvant. In some embodiments, 

20 the composition comprises a polynucleotide that comprises a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 14-30, 45, 47, 49, 51, 82, 93, 111, 
188, 208, 212, 222, 236, 242, 294, and 392, or a fragment thereof that encodes the 
polypeptide. 

Still another aspect of the invention is an expression vector comprising 
25 an expression control sequence operably linked to a polynucleotide that comprises a 
nucleotide sequence that encodes a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 31-44, 46, 48, 50, 52, 81, 187, 
207, 211, 221, 235, 241, 293, and 391. In some embodiments, the expression vector 
is a replication-deficient adenoviral or adeno-associated viral vector containing the 
30 polynucleotide. A related aspect of the invention is a composition comprising an 
expression vector as described above and a pharmaceutically acceptable diluent. 
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carrier, or adjuvant. Further, the invention provides a kit comprising the composition 
containing either the above-described polynucleotide or vector and a pharmaceutically 
acceptable diluent, carrier or adjuvant, packaged with a protocol for administering the 
composition to a mammalian subject to modulate the lymphatic system in the subject. 
5 The invention further provides a host cell transformed or transfected 

with an expression vector as described above. 

The polypeptides according to the invention can be used in a variety of 
conventional procedures and methods that are currently applied to other proteins. In 
addition, a polypeptide of the invention can be used to generate an antibody that 

1 0 specifically binds the polypeptide. 

In one aspect of the invention, a method is provided for differentially 
modulating the growth or differentiation of blood endothelial cells (BEC) or 
lymphatic endothelial cells (LEG), comprising contacting endothelial cells with a 
composition comprising an agent that differentially modulates blood or lymphatic 

15 endothelial cells, said agent selected from the group consisting of: (a) a polypeptide 
that comprises an amino acid sequence of a BEC polypeptide or a LEG polypeptide, 
or an active fragment of the polypeptide ; (b) a polynucleotide that comprises a 
nucleotide sequence that encodes a polypeptide according to (a); (c) an antibody that 
specifically binds to a polypeptide according to (a); (d) a polypeptide comprising a 

20 fragment of the antibody of (c), wherein the fragment and the antibody bind to the 
polypeptide; (e) an antisense nucleic acid to a human gene or mRNA encoding the 
polypeptide of (a); (f) an interfering RNA (RNAi) to a himian gene or mRNA 
encoding the polypeptide of (a). The mettiod may involve endothelial cell contact 
with the composition ex vivo or in vivo. The composition may comprise a 

25 phamiaceutically acceptable diluent, adjuvant, or carrier, and the contacting step may 
comprise administering the composition to a mammalian subject to differentially 
modulate BECs or LECs in the mammalian subject. 

Further, the method may comprise identifying a human subject with a 
disorder characterized by hyperproliferation of LECs; and administering to the human 

30 subject the composition, wherein the agent differentially inhibits LEG growth 
compared to BEC growth; alternatively the method may comprise identifying a 
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human subject with a disorder characterized by hyperproliferation of LECs; screening 
LECs of the subject to identify overexpression of a polypeptide set forth in Table 3; 
and administering to the human subject the composition, wherein the agent 
differentially inhibits LEG growth compared to BEC growth by inhibiting expression 
5 of the polypeptide identified by the screening step. 

This aspect of the invention also contemplates a method of modulating 
the growth of lymphatic endothelial cells in a human subject, comprising steps of 
identifying a human subject with a hypoproliferative lymphatic disorder; screening 
the subject to identify vmderexpression or underactivity of a LEC polypeptide set forth 
10 in Table 3, wherein the protein is not set forth in Table 1 or 2; administering to the 
human subject the composition, wherein the agent comprises the LEC polypeptide (a) 
identified by the screening step or an active fi*agment of the polypeptide, or comprises 
the polynucleotide (b) that comprises a nucleotide sequence that encodes the 
polypeptide. 

15 A related aspect of the invention is drawn to a use of an agent for the 

manufacture of a medicament for the differential modulation of blood vessel 
endothelial cell (BEC) or lymphatic vessel endothelial cell (LEC) growth or 
differentiation, the agent selected firom the group consisting of: (a) a polypeptide that 
comprises an amino acid sequence of a BEC polypeptide or a LEC polypeptide, or an 

20 active firagment of the polypeptide ; (b) a polynucleotide that comprises a nucleotide 
sequence that encodes a polypeptide according to (a); (c) an antibody that specifically 
binds to a polypeptide according to (a); (d) a polypeptide comprising a firagment of 
the antibody of (c), wherein the fragment and the antibody bind to the polypeptide; (e) 
an antisense nucleic acid to a human gene or mRNA encoding the polypeptide of (a); 

25 (f) an interfering RNA (RNAi) to a human gene or mRNA encoding the polypeptide 
of(a). 

In another aspect, the invention provides a method of identifying 
compounds that modulate growth of endothelial cells, comprising culturing 
endothelial cells in the presence and absence of a compound; and measuring 
30 expression of at least one BEC or LEC gene in the cells, wherein the BEC or LEC 
gene is selected from the genes encoding polypeptides set forth in Tables 3 and 4, 
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wherein a change in expression of at least one BEC gene in the presence compared to 
the absence of the compound identifies the compound as a modulator of BEC growth, 
and wherein a change in expression of at least one LEC gene in the presence 
compared to the absence of the compound identifies the compound as a modulator of 
5 LEC growth. The method may be used to screen for a compound that selectively 
modulates BEC or LEC growth or differentiaion, wherein the measuring step 
comprises measuring expression of at least one BEC gene and at least one LEC gene 
in the cells, and wherein the method comprises screening for a compoimd that 
selectively modulates BEC or LEC growth or differentiation by selecting a compound 

10 that differentially modulates expression of the at least one BEC gene compared to 
expression of the at least one LEC gene. 

Further, the invention comprehends a method or use according to the 
aspects of the invention described above, wherein the polypeptide is a LEC 
polypeptide selected fi:om the LEC polypeptides set forth in Table 3, and the agent 

15 differentially modulates LEC growth or differentiation over BEC growth or 
differentiation. In some embodiments, the LEC polypeptide comprises an amino acid 
sequence selected from the group consisting of SEQ ID NOs: 81, 187, 207, 211, 221, 
235, 241, 293, and 391; in other embodiments, the LEC polypeptide comprises an 
amino acid sequence selected from the group consisting of SEQ ID NOs: 31-34, 46, 

20 and 48. In these embodiments, an agent may be an antibody that specifically binds to 
a LEC polypeptide as described above, or a polypeptide fragment of such an antibody. 
Further, the agent may be an extracellular domain of a polypeptide described above, a 
polynucleotide encoding an extracellular domain, or an antisense molecule or nucleic 
acid. Alternatively, the polypeptide is a BEC polypeptide selected from the BEC 

25 polypeptides set forth in Table 4, and the agent differentially modulates BEC growth 
or differentiation over LEC growth or differentiation. Preferably, the polypeptides are 
not set forth in Tables 1 or 2. 

The methods of the present invention further relate to methods for 
detecting the presence of the polynucleotides or polypeptides of the invention in a 

30 sample. Such methods can, for example, be utilized as part of prognostic and 
diagnostic evaluation of disorders as recited above and for the identification of 



9 



wo 03/080640 



PCT/US03/06900 



subjects exhibiting a predisposition to such conditions. Furthermore, the invention 
provides methods for evaluating the efficacy of drugs, and monitoring the progress of 
patients, involved in clinical trials for the treatment of disorders related to lymphatic 
endothelial cells. 

5 The invention also provides methods for the identification of 

compoxmds that modulate the expression of the polynucleotides and/or polypeptides 
of the invention. Such methods can be utilized, for example, for the identification of 
compounds that can amehorate symptoms of disorders related to expression of 
proteins encoded by any one of SEQ lEf NOS:1-30 as recited above. Such methods 

10 can include, but are not Umited to, assays for identifying compounds and other 
substances that interact with {e,g,, bind to) the polypeptides of the invention. 

Further, the invention provides a method of assaying for risk of 
developing hereditary lymphedema, comprising (a) assaying nucleic acid of a human 
subject for a mutation that correlates with a hereditary lymphedema phenotype and 

15 alters the encoded amino acid sequence of at least one gene allele of the human 
subject when compared to the amino acid sequence of the polypeptide encoded by a 
corresponding wild-type gene allele, wherein the wild-type polypeptide is a 
polypeptide identified in Table 3. Altematively, a method of assaying for risk of 
developing hereditary lymphedema, comprises (a) assaying nucleic acid of a human 

20 subject for a mutation that correlates with a hereditary lymphedema phenotype and 
alters the encoded amino acid sequence of at least one gene allele of the human 
subject when compared to the amino acid sequence of the polypeptide encoded by a 
corresponding wild-type gene allele, wherein the wild-type polypeptide comprises an 
amino acid sequence selected fi-om the group consisting of SEQ ID NOS: 31-44, 46, 

25 48, 52, 54, 207, 676, 859, and 861; (b) correlating the presence or absence of the 
mutation in the nucleic acid to a risk of developing hereditary lymphedema, wherein 
the presence of the mutation in the nucleic acid correlates with an increased risk of 
developing hereditary lymphedema, aad wherein the absence of the mutation in the 
nucleic acid correlates with no increased risk of developing hereditary lymphedema. 

30 Li another method of assaying for risk of developing hereditary 

lymphedema, the steps comprise (a) assaying nucleic acid of a human subject for a 
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mutation that alters the encoded amino acid sequence of at least one transcription 
factor allele of the human subject and alters transcription modulation activity of the 
transcription factor polypeptide encoded by the allele, when compared to the 
transcription modulation activity of a transcription factor polypeptide encoded by a 
5 wild-type allele, wherein the wild-type transcription factor polypeptide comprises an 
amino acid sequence selected from the group consisting of SEQ ID NO: 81, SEQ ID 
NO: 211, SEQ ID NO: 241, and transcription factors encoded by sequences in Table 
5; and (b) correlating the presence or absence of the mutation in the nucleic acid to a 
risk of developing hereditary lymphedema, wherein the presence of the mutation in 

10 the nucleic acid correlates with an increased risk of developing hereditary 
lymphedema, and wherein the absence of the mutation in the nucleic acid correlates 
with no increased risk of developing hereditary lymphedema. In this method, the 
wild-type transcription factor allele may comprise the Sox 18 amino acid sequence set 
forth as SEQ ID NO:54. In some embodiments of this method, the assaying identifies 

15 a mutation altering a transactivating or DNA binding domain amino acid sequence of 
the protein encoded by the Sox 18 allele; in some other embodiments of the method, 
the mutation reduces transcriptional activation of a SOX18-responsive gene compared 
to transcriptional activation of the gene by wild-type SOX 18. 

In a related aspect, the invention provides a method of assaying for risk 

20 of developing hereditary lymphedema, comprising (a) assaying nucleic acid of a 
human subject for a mutation that alters the encoded amino acid sequence of at least 
one LEG gene allele of the human subject and alters the binding aflGnity of the 
adhesion polypeptide encoded by the LEG gene allele, when compared to the binding 
aflBnity of an adhesion polypeptide encoded by a wild-type allele, wherein the wild- 

25 type adhesion polypeptide comprises an amino acid sequence selected from the group 
consisting of SEQ ED NOS:31-34, 46, 207, 676, 859, and 861; and (b) correlating the 
presence or absence of the mutation in the nucleic acid to a risk of developing 
hereditary lymphedema, wherein the presence of the mutation in the nucleic acid 
correlates with an increased risk of developing hereditary lymphedema, and wherein 

30 the absence of the mutation in the nucleic acid correlates with no increased risk of 
developing hereditary lymphedema. In some embodiments of this method, the at least 
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one gene corresponds to the human Sox 18 gene that encodes the amino acid sequence 
set forth in SEQ ID NO: 54. 

In the methods of assaying for risk of developing hereditary 
lymphedema according to the invention, the assaying may identify the presence of the 
5 mutation, and the. correlating step may identify the increased risk of the patient 
developing hereditary lymphedema. 

A related method according to the invention is a method of screening a 
human subject for an increased risk of developing hereditary lymphedema comprising 
assaying nucleic acid of a human subject for a mutation that alters the encoded amino 

10 acid sequence of at least one polypeptide comprising an amino acid sequence of Table 
3. In some embodiments of this method, the polypeptide comprises an amino acid 
sequence selected from the group consisting of SEQ ID NOS: 31-44, 46, 48, 50, 52, 
and 54, 207, 676, 859, and 861 in a maimer that correlates with the risk of developing 
hereditary lymphedema, and it is expressly contemplated that the polypeptide may 

1 5 comprise the SOXl 8 amino acid sequence set forth in SEQ ID NO: 54. 

A related aspect of the invention is drawn to methods of assaying or 
screening for risk of developing hereditary lymphedema as described above, wherein 
the method comprises at least one procedure selected from the group consisting of: (a) 
determining a nucleotide sequence of at least one codon of at least one polynucleotide 

20 of the human subject; (b) performing a hybridization assay to determine whether 
nucleic acid from the human subject has a nucleotide sequence identical to or different 
from one or more reference sequences; (c) performing a polynucleotide migration 
assay to determine whether nucleic acid from the human subject has a nucleotide 
sequence identical to or different from one or more reference sequences; and (d) 

25 performing a restriction endonuclease digestion to determine whether nucleic acid 
from the human subject has a nucleotide sequence identical to or different from one or 
more reference sequences. 

A related aspect of the invention provides methods of assaying or 
screening for risk of developing hereditary lymphedema as described above, wherein 

30 the method comprises: performing a polymerase chain reaction (PGR) to amplify 
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nucleic acid comprising the coding sequence of the LEG polynucleotide, and 
detennining nucleotide sequence of the amplified nucleic acid. 

Further provided by the invention is a method of screening for a 
hereditary lymphedema genotype in a human subject, comprising: (a) providing a 
5 biological sample comprising nucleic acid from said subject, and (b) analyzing the 
nucleic acid for the presence of a mutation altering the encoded amino acid sequence 
of the at least one allele of at least one gene in the human subject relative to a himian 
gene encoding an amino acid sequence selected from the group consisting of SEQ ID 
NOs: 31-44, 46, 48, 50, 52, 54, 207, 676, 859, and 861, wherein the presence of a 

10 mutation altering the encoded amino acid sequence in the human subject in a manner 
that correlates with lymphedema in human subjects identifies a hereditary 
lymphedema genotype. In some embodiments of this method, the biological sample 
is a cell sample. In other embodiments of this method, the analyzing comprises 
sequencing a portion of the nucleic acid. In still fiirther embodiments of this method, 

15 the human subject has a hereditary lymphedema genotype identified by the method of 
screening. 

Another aspect of the invention provides a method of inhibiting 
lymphangiogenesis comprising administering to a subject an inhibitor of a LEG 
transmembrane polypeptide, wherein the LEG transmembrane polypeptide comprises 

20 an amino acid sequence selected from the group consisting of SEQ ID NOs: 31-34, 46 
48, 207, 676, 859, and 861, and wherein the inhibitor is selected from the group 
consisting of (a) a soluble extracellular domain fragment of the LEG transmembrane 
polypeptide; (b) an antibody that binds to the extracellular domain of the LEG 
transmembrane polypeptide; (c) a polypeptide comprising an antigen binding domain 

25 of the antibody according to (b); and (d) an antisense nucleic acid complementary to 
the nucleic acid encoding the LEG transmembrane polypeptide or its complement. In 
some embodiments of the method, the inhibitor is a polypeptide comprising an 
extracellular domain fragment of an LEG polypeptide, wherein the sequence of the 
extracellular domain is selected from the group consisting of amino acids 1-152 of 

30 SEQ ID NO:31, amino acids 1-695 of SEQ ID NO:32 and amino acids 1-248 of SEQ 
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ID NO:33. In some embodiments of the method, the subject is a human containing a 
tumor. 

In a related aspect, the invention provides a method for modulating 
lymphangiogenesis in a mammalian subject comprising: administering to a 
5 mammalian subject in need of modulation of lymphangiogenesis an antisense 
molecule to a LEG polynucleotide, in an amount effective to inhibit transcription or 
translation of the poypeptide encoded by the LEG polynucleotide, wherein the LEG 
polynucleotide comprises a nucleotide sequence selected from the group consisting of 
SEQ ID NOS: 14-30, 45, 47, 49, AND 51, 208, 677, 860, and 862. 

10 The methods of the invention also include methods for the treatment of 

disorders related to lymphatic endotheUal cells as recited above which may involve 
the administration of such compounds to individuals exhibiting symptoms or 
tendencies related to such disorders. 

In another aspect, the invention provides a method of treating 

15 hereditary lymphedema, comprising: (a) identifying a human subject with hereditary 
lymphedema and with a mutation that alters the encoded amino acid sequence of at 
least one polypeptide of the human subject, relative to the amino acid sequence of a 
polypeptide comprising an amino acid sequence selected from the group consisting of 
SEQ ID NOS: 31-44, 46, 48, 50, 52, 54, 207, 676, 859, and 861; and (b) 

20 administering to the subject a lymphatic growth factor selected from the group 
consisting of a VEGF-C polynucleotide, a VEGF-C polypeptide, a VEGF-D 
polynucleotide, and a VEGF-D polypeptide. 

The invention also provides a method of treating hereditary 
lymphedema comprising: identifying a human subject with lymphedema and with a 

25 mutation in at least one allele of a gene encoding a LEG protein identified in Table 3, 
wherein the mutation correlates with lymphedema in human subjects, and with the 
proviso that the LEG protein is not VEGFR-3; and administering to the subject a 
composition comprising a lymphatic growth agent selected from the group consisting 
of VEGF-C polypeptides, VEGF-D polypeptides, VEGF-G polynucleotides, and 

30 VEGF-D polynucleotides. The invention also comprehends use of a lymphatic 
growth agent selected from the group consisting of VEGF-C polypeptides, VEGF-D 
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polypeptides, VEGF-C polynucleotides, and VEGF-D polynucleotides in the 
manufacture of a medicament for the treatment of hereditary lymphedema resulting 
from a mutation in a LEG gene identified in Table 3, with the proviso that the gene is 
not VEGFR'3, 

5 hi addition, the invention encompasses methods for treating such 

diseases or disorders by administering compounds and other substances that modulate 
the overall activity of the target gene products. Compounds and other substances can 
effect such modulation either at the level of target gene expression or target protein 
activity. These treatment methods include the administration of a polypeptide or a 

10 polynucleotide according to the invention to an endothelial cell, e.g., a LEC and/or a 
BEC, or to an organism such as a human patient. An exemplary method according to 
this aspect of the invention is the administration of a therapeutic selected from the 
group consisting of an antisense polynucleotide capable of modulating the expression 
of at least one polynucleotide according to the invention, a polypeptide according to 

15 the invention, a polynucleotide according to the invention, an antibody or antibody 
fragment specifically recognizing a polypeptide according to the invention, a VEGF-C 
polynucleotide, a VEGF-C polypeptide, a VEGF-D polynucleotide, a VEGF-D 
polypeptide and a soluble VEGFR-3 polypeptide. 

In another aspect, the invention provides a method of screening for an 

20 endothelial cell disorder or predisposition to the disorder, comprising obtaining a 
biological sample containing endothelial cell mRNA from a human subject; and 
measuring expression of a BEC or LEC gene from the amount of mRNA in the 
sample transcribed from the gene, wherein the BEC or LEC gene encodes a 
polypeptide identified in Table 3 or 4, 

25 The invention relates to a method of inhibiting the growth of a 

lymphatic endothelial cell, the method comprising contacting the cell with a 
composition comprising at least one antibody conjugated to an agent capable of 
inhibiting the growth, wherein the agent is selected from the group consisting of a 
cj^otoxic agent and a cytostatic agent, and wherein the antibody specifically binds to 

30 a polypeptide encoded by a polynucleotide comprising a sequence selected from the 
group consisting of SEQ ID NOS:14-17, 45, 47, 860 and 862. In specific 
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embodiments of this method, the polypeptide comprises an amino acid sequence 
selected from the group consisting of SEQ ID NOS:31-34, 46, 48, 859 and 861. 

The invention further relates to methods of detecting a lymphatic 
endothelial cell, the method comprising contacting the cell with a composition 
5 comprising at least one antibody conjugated to a detectable agent, such as a 
fluorescent molecule or a radiolabeled molecule. In specific embodiments, the 
antibody specifically binds to a polypeptide encoded by a polynucleotide comprising 
a sequence selected from the group consisting of SEQ ID NOS: 14-17, 45, 47, 860 
and 862. In furfher specific embodiments of this method, the polypeptide comprises 
10 an amino acid sequence selected fi-om the group consisting of SEQ ID NOS: 31-34, 
46,48, 859 and 861. 

The invention still further relates to methods of isolating a lymphatic 
endothelial cell, comprising contacting the cell with a solid matrix comprising at least 
one antibody capable of binding to a transmembrane protein in the cell membrane of 
15 the cell, and isolating cells specifically bound to the antibody matrix. In specific 
embodiments, the antibody specifically binds to a polypeptide encoded by a 
polynucleotide comprising a sequence selected from the group consisting of SEQ ID 
NOS: 14- 17, 45, 47, 860 and 862. In further specific embodiments of this method, the 
polypeptide comprises an amino acid sequence selected firom the group consisting of 
20 SEQIDNOS:31.34,46, 48,859and861. 

The invention also relates to the administration of an agonist or 
antagonist to a lymphatic endothelial cell, comprising selecting an antibody, a peptide 
or a small molecular weight compound that is capable of specifically binding to a 
lymphatic endothelial cell-specific protein, wherein the antibody, peptide or small 
25 molecular weight compoimd is an agonist or antagonist for a growth factor receptor, a 
cytokine receptor, a chemokine receptor, or a hemopoietic receptor, and contacting the 
antibody, peptide or small molecular weight compound with the l3miphatic endothelial 
cell in need of growth stimulation or inhibition. In specific embodiments, such 
lymphatic endothelial cells are involved in lymphedema, lymphangioma, 
30 lymphangiomyeloma, lymphangiomatosis, lymphangiectasis, lymphosarcoma, and 
lymphangiosclerosis. 
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The invention also relates to the administration of a cytotoxic or 
cytostatic drug to a lymphatic endothelial cell, comprising selecting an antibody, a 
peptide or a small molecular weight compound that is capable of specifically binding 
to a lymphatic endothelial cell-specific protein, wherein the antibody, peptide or small 
5 molecular weight compound is complexed to the cytotoxic or cytostatic drug. In 
specific embodiments, administration of such complexes is usefiil in the treatment of 
malignant tumor diseases prone to metastatic spread through the lymphatic system. 

The invention also provides a method of monitoring the efficacy or 
toxicity of a drug on endothelial cells, comprising steps of measuring expression of at 
10 least one BEC or LEC gene in endothelial cells of a mammalian subject before and 
after administering a drug to the subject, wherein the at least one BEC or LEC gene 
encodes a polypeptide set forth in Table 3 or Table 4, and wherein changes in 
expression of the BEC or LEC gene correlates with efficacy or toxicity of the drug on 
endothelial cells. 

15 The invention relates to a lymphatic endothelial cell marker protein 

comprising a polypeptide encoded by a polynucleotide selected fi-om the group 
consisting of SEQ ID NOS:14-17; and a polynucleotide hybridizable under stringent 
conditions with any one of SEQ ID NOS: 14-17. In specific embodiments, the 
lymphatic endothelial cell marker protein comprises a polypeptide selected firom the 

20 group consisting of SEQ ID NOS : 3 1 -34. 

The invention also relates to an antibody capable of specifically 
binding to a lymphatic endothelial cell marker protein comprising a polypeptide 
selected fi:^om the group consisting of SEQ ID NOS;3 1 -34. 

The invention fiirther relates to a method of detecting a lymphatic 

25 endothelial cell, comprising contacting said cell with the antibody wherein said 
antibody is detectably labeled. 

The invention still fiirther relates to a method of inhibiting at least one 
biological activity of a lymphatic endothelial cell, comprising contacting the cell with 
an agent capable of binding to at least one polypeptide encoded by any one of SEQ ID 

30 NOS:14-17, 45, 47, 860 and 862, wherein the activity of the polypeptide is reduced 
relative to the activity of a polypeptide that is not contacted with the agent. 



17 



wo 03/080640 



PCT/US03/06900 



The invention also relates to a method of inhibiting the growth of a 
lymphatic endothelial cell, the method comprising contacting the cell with an 
antisense oligonucleotide capable of specifically binding to at least one 
polynucleotide selected from the group consisting of SEQ ID NOS:1-30, 45, 47, 860 
5 and 862. In a specific embodiment, the antisense oligonucleotide consists essentially 
of about 12 to about 25 contiguous nucleotides of any one of SEQ ID NOS: 1-30, 45, 
47, 860 and 862. 

Additional features and variations of the invention will be apparent to 
those skilled in the art from the entirety of this application, and all such features are 
10 intended as aspects of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1: Examples of differentially expressed genes in LECs and 
BECs. Northern blotting and hybridization for the indicated transcripts. Equal 

15 loading was verified by probing with GAPDH. For the microarray analyses, RNA 
was extracted from LECs which were cultured in the presence of VEGF-C (LEC/+C). 
When validating the array results, RNA was extracted as a control also from cultures 
of LECs in which VEGF-C was not added (LEC/-C). 

Figure 2: Cytoskeletal structures, cadherin complexes and integrin a9 

20 expression in BECs and LECs. Mixed cultures of LEC and BEC were double-stained 
for N-cadherin (a), VE-cadherin (c), fi-catenin (e), plakoglobin (g), F-actin (i) and 
integrin a9 (k), and for the LEC-specific marker podoplanin (green; b, d, f, h, j, 1). 
Expression of integrin a9 in the lymphatic (arrow) but not in blood vessel endothelia 
(arrowhead). Adjacent sections of himian skin were stained with antibodies against 

25 integrin a9 (m), VEGFR-3 (n) or blood vessel endothelial antigen PAL-E (o). 

DETAILED DESCRIPTION OF THE INVENTION 

A major role of the lymphatic vasculature is to remove an excess of the 
protein-rich interstitial fluid that continuously escapes from the blood capillaries, and 
to return it to the blood circulation (Witte, M.H., et al., Microsc. Res. Tech. 5J: 122- 
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145. 2001; Karpanen, T, et al., J. Exp. Med. iP-#:F37-F42. 2001; Karkkainen, M.J., et 
aU^ Trends Mol Med. 7:18-22. 2001). In addition, the lymphatic system provides 
constant immune surveillance by filtering lymph and its antigens through the chain of 
lymph nodes, and also serves as one of the major routes for absorption of lipids fi-om 
5 the gut. It has been known for a long time that in many types of cancer the lymphatic 
vessels provide a major pathway for tumor metastasis, and regional lymph node 
dissemination correlates with the progression of the disease. Hereditary lymphedema, 
post-surgical secondary lymphedema and lymphatic obstruction in filariasis, are all 
characterized by disabling and disfiguring swelling of the affected areas, linked to the 

10 insufficiency or obstruction of the lymphatics. Witte, M.J., et al., Microsc, Res. Tech 
55:122-145(2001). 

In spite of the importance of lymphatic vessels in medicine, the cell 
biology of this part of the vascular system has received little attention until recently. 
Studies during the past four years have uncovered the existence of the lymphatic 

15 specific vascular endothelial growth factors VEGF-C and VEGF-D, which serve as 
ligands for the receptor tyrosine kinase VEGFR-3, and demonstrated their importance 
for the normal development of the lymphatic vessels {See, Jeltsch, M., et al. Science 
27(5:1423-1425 (1997); Veikkola, T., et ai, EMBO J. 2(7:1223-1231 (2001); MSkinen, 
T., et al., Nat. Med. 7:199-205 (2001)). These molecules also appear to be involved in 

20 the development of lymphedema and lymphatic metastasis (Karpanen, T., et aL, J, 
Exp. Med. 79-/:F37-F42 (2001); Karkkainen, M.J., et al.. Trends Mol Med. 7:18-22. 
2001). 

The growth factor Vascular Endothelial Growth Factor C (VEGF-C), 
as well as native human, non-human mammalian, and avian polynucleotide sequences 

25 encoding VEGF-C, and VEGF-C variants and analogs, have been described in detail 
in International Patent Apphcation Number PCTAJS98/01973, filed February 2, 1998 
and pubUshed on August 6, 1998 as International Publication Number WO 98/33917; 
in Joukov et al, X Biol Chem., 273(12): 6599-6602 (1998); and in Joukov et al, 
EMBO J., 16(13): 3898-3911 (1997), all of which are incorporated herein by 

30 reference in their entirety. As explained therein in detail, human VEGF-C (SEQ ID 
NO: 863) is initially produced in hmnan cells as a prepro- VEGF-C polypeptide of 419 
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amino acids. A cDNA encoding human VEGF-C (SEQ ID NO: 864) has been 
deposited with the American Type Culture Collection (ATCC), 10801 University 
Blvd., Manassas, VA 20110-2209 (USA), pursuant to the provisions of the Budapest 
Treaty (Deposit date of 24 July 1995 and ATCC Accession Number 97231). VEGF-C 
5 sequences from other species also have been reported. See Genbank Accession Nos. 
MMU73620 {Mus musculus); and CCY 15837 {Cotumix coturnix) for example, 
incorporated herein by reference. 

The prepro- VEGF-C polypeptide is processed in multiple stages to 
produce a mature and most active VEGF-C polypeptide of about 21-23 kD, as 

10 assessed by SDS-PAGE under reducing conditions (SEQ ID NO: 863). Such 
processing includes cleavage of a signal peptide (residues 1-31); cleavage of a 
carboxyl-terminal peptide (corresponding approximately to amino acids 228-419 and 
having a pattern of spaced Cysteine residues reminiscent of a Balbiani ring 3 protein 
(BR3P) sequence [Dignam et aL, Gene, 88:133-40 (1990); Paulsson et aL, J. MoL 

15 BioL, 211:331-49 (1990)]) to produce a partially-processed form of about 29 kD; and 
cleavage (apparently extracellularly) of an amino-terminal peptide (corresponding 
approximately to amino acids 32-103) to produced a fully-processed mature form of 
about 21-23 kD. Experimental evidence demonstrates that partially-processed forms 
of VEGF-C (e.g., the 29 kD form) are able to bind VEGFR-3 (Flt4 receptor), whereas 

20 high affinity binding to VEGFR-2 occurs only with the fully processed forms of 
VEGF-C. It appears that VEGF-C polypeptides naturally associate as non-disulfide 
linked dimers. 

It has been demonstrated that amino acids 103-227 of VEGF-C are not 
all critical for maintaining VEGF-C functions. A polypeptide consisting of amino 

25 acids 113-213 (and lacking residues 103-112 and 214-227) retains the ability to bind 
and stimulate VEGF-C receptors, and it is expected that a polypeptide spanning from 
about residue 131 to about residue 211 will retain VEGF-C biological activity. The 
Cysteine residue at position 156 has been shown to be important for VEGFR-2 
binding ability. However, VEGF-C ACiss polypeptides (i.e., analogs that lack this 

30 Cysteine due to deletion or substitution) remain potent activators of VEGFR-3. The 
Cysteine at position 165 of VEGF-C polypeptide is essential for binding either 
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receptor, whereas analogs lacking the Cysteine at positions 83 or 137 compete with 
native VEGF-C for binding with both receptors and stimulate both receptors. 

VEGF-D is structurally and functionally most closely related to VEGF- 
C [see U.S. Patent 6,235,713 and International Patent Publ. No. WO 98/07832, 
5 incorporated herein by reference]. See SEQ ID NO: 866 for the polynucleotide 
sequence of VEGF-D; the encoded amino acid sequence is set forth in SEQ ID NO: 
865. Like VEGF-C, VEGF-D is initially expressed as a preprb-peptide that undergoes 
N-terminal and C-temiinal proteolytic processing, and forms non-covalently linked 
dimers. VEGF-D stimulates mitogenic responses in endothelial cells in vitro. During 

10 embryo genesis, VEGF-D is expressed in a complex temporal and spatial pattern, and 
its expression persists in the heart, limg, and skeletal muscles in adults. Isolation of a 
biologically active fragment of VEGF-D designated VEGF-D ANAC, is described in 
Intemational Patent Publication No. WO 98/07832, incorporated herein by reference. 
VEGF-DANAC consists of amino acid residues 93 to 201 of VEGF-D (SEQ ID NO: 

1 5 26) optionally linked to the affinity tag peptide FLAG®, or other sequences. 

The prepro- VEGF-D polypeptide has a putative signal peptide of 21 
amino acids and is apparently proteolytically processed in a manner analogous to the 
processing of prepro- VEGF-C. A "recombinantly matured'* VEGF-D lacking residues 
1-92 and 202-354 retains the ability to activate receptors VEGFR-2 and VEGFR-3, 

20 and appears to associate as non-covalently linked dimers. Thus, preferred VEGF-D 
polynucleotides include those polynucleotides that comprise a nucleotide sequence 
encoding amino acids 93-201. The guidance provided above for introducing function- 
preserving modifications into VEGF-C polypeptides is also suitable for introducing 
fimction-preserving modifications into VEGF-D polypeptides* As another aspect of 

25 the invention, practice of the invention methods is contemplated wherein VEGF-D 
polypeptides are employed in lieu of VEGF-C polypeptides. 

When compared with the blood vascular endothelium, the lymphatic 
endothelium exhibits specific morphological and molecular characteristics. For 
example, the lymphatic capillaries are larger than blood capillaries, they have an 

30 irregular or collapsed lumen with no red blood cells, a discontinuous basal lamina, 
overlapping intercellular junctional complexes and anchoring filaments that connect 
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the lymphatic endothelial cells to the extracellular matrix (Witte, M.H., et aL, 
Microsc, Res, Tech. 55:122-145 (2001)). Unlike the blood capillaries, the lymphatic 
capillaries lack pericyte coverage. At the molecular level several lymphatic specific 
markers have been identified, including VEGFR-3, the Prox-1 transcription factor, the 
5 hyaluronan receptor LYVE-1, the membrane mucoprotein podoplanin, the beta- 
chemokine receptor D6, the cytoskeletal proteins desmoplakin I and 11 and the 
macrophage mannose receptor I (Wigle, J.T. & Oliver, G, Cell P5:769-778 (1999); 
Banerji, S., et al., J. Cell BioL 144:789-801 (1999): Breiteneder-GeleflF, S., et aL, Am. 
J. Pathol. 75^:385-394 (1999): Nibbs, RJ., et aL, vim. J. PathoL 158:867-877 (2001); 

10 Ebata, N., et aL, Microvasc. Res. 57:40-48. (2001); Irjala, H., et aL, J. Exp. Med. 
79^:1033-1041 (2001)). The present invention relates to the genetic identity of 
lymphatic capillary endothelial cells versus blood vascular endothelial cells using a 
gene profiling approach. 

"Stringent hybridization conditions" or "stringent conditions** refer to 

15 conditions imder which a nucleic acid such as an oligonucleotide will specifically 
hybridize to its target sequence. Stringent conditions are sequence-dependent and will 
be different in different circumstances. Longer nucleic acids hybridize specificdly at 
higher temperatures than shorter sequences. Generally, stringent conditions are 
selected to be about 5°C lower than the theimal melting point (Tm) for the specific 

20 sequence at a defined ionic strength and pH. The T^ is the temperature (under 
defined ionic strength, pH and nucleic acid concentration conditions) at which 50% of 
the nucleic acids complementary to the target sequence hybridize to the target 
sequence at equilibrium. The term "complementary" refers to standard Watson-Crick 
base pairing between nucleotides of two nucleic acid molecules. Typically, stringent 

25 conditions will be those in which the salt concentration is less than about 1.0 M 
sodium ion, typically about 0.01 to LO M sodium ion (or other salts) at pH 7.0 to 8.3 
and at a temperature that is at least about 30^C for short probes, primers or 
oligonucleotides {e.g., 10 to 50 nucleotides) and at least about eO'^C for longer probes, 
primers or oligonucleotides. Stringent conditions also can be achieved with the 

30 addition of destabilizing agents, such as formamide, as is known . in the art 
Exemplary stringent hybridization conditions are hybridization at 42''C for 20 hours 
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in a solution containing 50% formamide, SxSSPE, 5x Denhardt's solution, 0.1% SDS 
and 0.1 mg/ml denatured salmon sperm DNA, with a wash in IxSSC, 0.1% SDS for 
30 minutes at GS^'C. 

According to the invention, distinct gene expression profiles for blood 
5 vascular and lymphatic endothelial cells have been discovered. These results provide 
new insights into the phenotypic diversity of endothelial cells and reveal new 
potential lymphatic endothelial molecules, some of which could provide important 
targets for the therapy of diseases characterized by abnormal angiogenesis or 
lymphangiogenesis. 

10 Differences in the expression of genes encoding proteins involved in 

inflammatory processes were foimd, as well as in those mediating cell-cell and cell- 
matrix interactions. Furthermore, several previously unknown genes were identified 
in the context of endothelial cell biology, which were differentially expressed in the 
two cell lineages. Several of the genes were originally cloned from neural tissues, 

15 including genes involved in the uptake of synaptic macromolecules and in synapse 
formation and remodeling (neiuronal pentraxins I and II (Kirkpatrick, L.L., et al., J. 
Biol Chem, 275:17786-17792. 2000), in the traflBcking of synaptic vesicles (NAP-22 
(Yamamoto, Y., et al., Neurosci. Lett 224:127-130. 1997), piccolo (Fenster, S.D., et 
al.. Neuron 25:203-214 (2000)) and in the axon growth and guidance (Nr-CAM 

20 (Grumet, M., Cell Tissue Res. 290:423-428 (1997), reelin (Rice, D.S. & Cuiran, T., 
Annu. Rev. Neurosci. 24:1005-1039 (2001)). 

In addition, the LECs especially expressed a number of as yet 
uncharacterized genes, which were originally cloned and highly expressed in nervous 
tissues (KIAA genes (Kikuno, R., et al.. Nucleic Acids Res. 50:166-168. 2002). The 

25 gene expression profiling data disclosed herein therefore support the view that the 
same molecular mechanisms that are involved in governing neural cell positioning, in 
guiding axonal growth cones to their specific targets and in synaptogenesis may also 
be commonly used in the development of the vascular system and in the establishment 
of BEC and LEC identity. Some other signaling molecules first described in the 

30 developing nervous system have already been implicated in the development of the 
vasculature and vice versa (Shima and Mailhos, Cum Opin. Genet. Dev. 70:536-542 
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(2000); Oosthuyse, et al., Nat Genet 25:131-138 (2001); Sondell, et aL, Eur J, 
NeuroscL 72:4243-4254 (2000)). 

In the LECs, expression of several genes previously shown to be 
expressed in smooth muscle cells (SMCs) and pericytes was observed, such as matrix 
5 Gla, a mineral binding extracellular matrix protein involved in the inhibition of 
vascular and tissue calcification (Luo, G, et al.. Nature 355:78-81 (1997)), 
monoamine oxidase A, the main degradative enzyme of monoamine hormones and 
neurotransmitters (Rodriguez, MJ., et al.. Cell Tissue Res, 304:215-220 (2001)), 
integrin a9 (Palmer, E.L., et al., J. Cell Biol. 725:1289-1297 (1993)) and 

10 apolipoprotein D (Hu, C.Y., et al., J. Neurocytol 50:209-218 (2001)). Some 
similarity of gene expression patterns between LECs and SMCs could be related to 
the lack of SMC aroimd lymphatic capillaries. Instead, LECs may carry out some 
SMC functions by themselves. For example, lymph flow is maintained due to the 
intrinsic contractility of the LECs (Witte, M.H., et aL, Microsc, Res, Tech. 55:122-145 

15 (2001)), reminiscent of the ability of vascular SMCs to contract. 

Molecular discrimination of the lymphatic and blood vessels is 
essential in studies of diseases involving the blood and/or lymphatic vessels and in the 
targeted treatment of such diseases. To date, several lymphatic endothelial specific 
markers have been identified, but some of them are expressed only in a subset of the 

20 lymphatic vessels, while others also occur in some blood vessel endothelia or in other 
cell types and their expression patterns may change in pathological conditions (for 
example, VEGFR-3 (Valtola, R., et al.. Am. J. Pathol. 754:1381-1390. 1999)). 
Identification of new vascular markers according to the invention should provide a 
more reliable analysis of the blood and lymphatic vessels in pathological situations 

25 and eventually better diagnosis and treatment. Furthermore, inhibition of the fimction 
of certain molecules involved in the regulation of angiogenesis and/or 
lymphangiogenesis is known to prevent tumor growth and metastasis, and stimulation 
of the growth of blood or lymphatic vessels has been shown to be beneficial in several 
pathological conditions. Thus the BEC and LEC specific molecular regulators 

30 identified according to the invention may provide new targets for the treatment of 
diseases characterized by abnormal angiogenesis and lymphangiogenesis. 
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Several of the new LEG genes encode transmembrane proteins that 
may be specific molecular markers for lymphatic endothelial cells (Table 6). These 
genes and encoded proteins are useful for targeted treatment of diseases that involve 
lymphatic vessels. They may also be useful for preparing antibodies, as antibodies 
5 against LEC-specific proteins can be used to discriminate between blood and 
lymphatic vessels in pathological and physiological situations. Antibodies may also 
be useful for the isolation of lymphatic endothelial cells. These proteins may also 
play a role in the regulation of lymphangiogenesis, and can provide new candidate 
genes for diseases that involve lymphatic vessels, such as lymphedema. 

10 The lymphatic endotheUal cell specific surface molecules can be used 

for molecular drug targeting with antibodies, peptides and small-molecular weight 
compoimds, which can act as agonists or antagonists for growth factor receptor, cyto- 
and chemokine receptor, and hemopoietin receptor signaling, cell adhesion and cell 
interaction with extracellular matrix or with other cell surface molecules. Such 

15 molecules can also be used for targeting of cytotoxic or cytostatic drugs into the 
lymphatic endothelial cells and for the attachment of electron-dense, radio-opaque or 
radioactive markers for imaging of disease processes associated with the lymphatic 
vessels. Such diseases include lymphedema, lymphangioma, lymphangiomyoma, 
lymphangiomatosis, lymphangiectasis, lymphosarcoma and lymphangiosclerosis. 

20 The lymphatic endothelial cell surface molecules may be used for 

targeting of gene therapy for example by antibody-coated liposomes (containing 
proteins or genes as cargo) or by viral transducing vectors such as adenoviruses, 
adeno-associated viruses or lentiviruses having modified capsid/envelope proteins. 
The manipulation of lymphatic endothelial cell specific molecules may be applicable 

25 to treatment of disease processes associated with tissue edema by increasing fluid 
transport across the lymphatic vessel wall for example by modulating endothelial cell- 
cell or cell-matrix interactions or via stimulating transendothelial transport. Targeting 
of the lymphatic endothelial cells for example with cytotoxic or cytostatic compounds 
is contemplated to be valuable in malignant tumor diseases prone to metastatic spread 

30 via the lymphatic system. 
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The lymphatic endothelial cell molecules may allow the improved in 
vitro growth of lymphatic endothelial cells as well as in vitro tissue engineering of 
lymphatic vessels for use in diseases where the lymphatics have been damaged, such 
as after surgery and in various forms of lymphedema. Ligands of the cell surface 
5 proteins may further be applied to coat various polymeric matrices for the adhesion of 
cells in, e.g., bioimplants. 

The lymphatic endothelial-cell-specific molecules such as surface 
molecules can provide important tools for the modulation of inflammatory, 
autoimmime and infectious processes involving leukocyte migration and immune 
10 recognition as well as the stimulation of secondary immune responses. Such processes 
include the migration of antigen presenting cells into the lymphatic system including 
lymph nodes as well as transendothelial cell trafficking of lymphocytes and other 
leukocyte subclasses and the homing, survival and function of the various classes of 
leukocytes. 

15 These molecules may allow one to modulate; the metabolism of fatty 

acids including fatty acid/chylomicron absorption from the gut and regulation of fat 
accumulation in adipose tissue in various organs such as in the subcutaneous tissue 
and in the arterial wall. 

Lymphatic endothelial-cell-specific molecules may further allow one 

20 to modulate the metabolism of fatty acids including fatty acid/chylomicron absorption 
from the gut and regulation of fat accumulation in adipose tissue in various organs 
such as in the skin subcutaneous tissue and in the arterial wall. 

The lymphatic-cell-specific transmembrane proteins are expected to 
function in cell adhesion (e.g., adhesion between lymphatic endothelial cell-lymphatic 

25 endothelial cell, lymphatic endothelial cell-smooth muscle cell, lymphatic endothelial 
cell-immune system cell such as lymphocyte or dendritic cell), cell-extracellular 
matrix contacts, or as receptors such as growth factor, cytokine, chemokine or 
microbial receptors or ion channels. The transmembrane proteins connect to 
intracellular molecules that can induce cell growth, cell migration, cell apoptosis, cell 

30 differentiation or cell adhesion or other cellular fimctions specific for endothelial cells 
such as expression of adhesion receptors for leukocytes, release of nitric oxide. 
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antigoagulant proteins, uptake of fluid and proteins from surrounding tissues and fat 
from gut or adipose tissues. TM proteins with short intracellular domains can function 
as auxiliary receptors in complex with other TM proteins. 

The transmembrane proteins and their intracellular binding partner 
5 molecules can be used as molecular markers for lymphatic endothelial cells in normal 
and disease conditions, and to discriminate between blood and lymphatic vessels in 
pathological and physiological situations. 

Antibodies against lymphatic specific transmembrane proteins, as well 
as peptides and small molecular compounds binding to extracellular domains of 

10 lymphatic-specific TM proteins can be used for the attachment of electron-dense, 
radio-opaque or radioactive markers for imaging of disease processes associated with 
the lymphatic vessels. Such diseases include lymphedema, lymphangioma, 
lymphangiomyoma, lymphangiomatosis, lymphangiectasis, lymphosarcoma and 
lymphangiosclerosis. Similarly, the lymphatic vessels can be visualized, e.g., during 

15 therapy of patients suffering from insufficient lymphatic growth, such as in 
lymphedema, or altematively during treatment aiming to prevent lymphatic growth, 
e.g., in tumors, thereby facilitating the monitoring of the therapeutic method of the 
invention. 

Antibodies against LEC-specific TM proteins are also expected to be 

20 useful for the isolation of lymphatic endothelial cells. 

Antibodies against lymphatic-specific transmembrane proteins, or 
peptides or small-molecule compounds binding to the extracellular domain of 
lymphatic-specific TM proteins are expected to be usefiil in targeting drug delivery to 
lymphatic endothelial cells, e.g., by coupling an antibody, peptide or small-molecule 

25 compound to a cytotoxic or cytostatic compound. Such coupled compoimds are 
usefiil as therapeutics in the treatment of malignant tumor diseases prone to metastatic 
spread via the lymphatic system, as well as in ameliorating a symptom associated with 
any such disease. The antibodies, peptides or small-molecule compounds can also be 
coupled to stimulatory lymphatic endothelial molecules such as growth factors, 

30 cytokines and chemokines to promote stimulation. 
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Additionally, antibodies against lymphatic-specific TM proteins or 
peptides, or small-molecule compoimds binding to the extracellular domain of 
lymphatic-specific TM proteins, may be used for targeting of gene therapy, for 
example, by antibody-coated liposomes (containing proteins, genes or other 
5 molecules as cargo) or by viral transducing vectors such as adenoviruses^ adeno- 
associated viruses, lentiviruses, or the like, having modified capsid/envelope proteins. 
The manipulation of lymphatic endothelial-cell-specific molecules are expected to be 
applicable to the treatment of disease processes associated with tissue edema due to 
the relative absence, or relative dysfimction, of lymphatic vessels, which can result 

10 fi-om an infection, surgery, radiotherapy or a genetic defect by increasing fluid 
transport across the lymphatic vessel wall, for example by modulating endotheUal 
cell-cell or cell-matrix interactions or by stimulating transendothelial transport. 

The lymphatic endothelial cell molecules are expected to improve the in 
vitro growth of lymphatic endothelial cells, as well as the in vitro tissue engineering of 

15 lymphatic vessels for use in treating disorders or diseases where the lymphatics have 
been damaged, such as after surgery, in various forms of lymphedema, and in other 
applications as described herein. Ligands of the cell-surface proteins may further be 
applied as a coating to various polymeric matrices for the adhesion of cells in, e.g., 
bioimplants. 

20 Inflammatory, autoimmune and infectious processes involving 

leukocyte mijgration and immvme recognition, such as migration of antigen-presenting 
cells into the lymphatic system, including lymph nodes, as well as transendothelial 
cell trafficking of lymphocytes and other leukocyte subclasses and the homing, 
survival and function of the various classes of leukocytes can be modulated by 

25 targeting endothelial-cell-specific TM proteins, which mediate these cell adhesion 
processes. 

Upregulation of lymphatic-specific genes in, e.g., cancer are expected to 
be useful as diagnostic markers, and monitoring such upregulated expression with an 
antibody against a lymphatic endothelial-cell-specific protein, e.g., by 
30 immunostaining of tissue(s) or by using a probe hybridizable to a lymphatic 
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endothelial-cell-specific mRNA, e.g., xmder stringent hybridization conditions as 
described herein, is contemplated. 

Lymphatic endothelial-cell-specific transcription factors are expected to 
be useful for the differentiation of lymphatic endothelial cells from embryonic stem 
5 cells, endothelial precursor cells, or blood vascular endothelial cells. 

The lymphatic endothelial transcription factors are expected to improve 
the in vitro growth of lymphatic endothehal cells, as well as to facilitate in vitro tissue 
engineering of lymphatic vessels for use in treating disorders or diseases where the 
lymphatics have been damaged, such as after surgery, in various forms of 
10 lymphedema, and in other applications disclosed herein. 

Intracellular signaling proteins participating in signaling pathways 
regulating lymphatic endothelial cell proliferation, differentiation, apoptosis, 
migration or adhesion are expected to be useful targets for small-molecule compounds 
inhibiting these signaling events, and cellular functions dependent on such signaling. 
15 Signaling proteins are also expected to participate in VEGFR-3 signaling pathways, 
and will be useful in modulating cellular activities controlled, at least in part, by 
VEGFR-3 signaling, such as lymphangiogenesis. 

The lymphatic endothelial cell molecules are expected to improve the in 
vitro growth of lymphatic endothelial cells as well as in vitro tissue engineering of 
20 lymphatic vessels for use in treating diseases or disorders where the lymphatics have 
been damaged, such as after surgery, in various forms of lymphedema, and in other 
applications as described herein. 

Lymphatic-specific transcription factors are also expected to be useful in 
modulating gene expression in endothelial cells to induce the expression of other 
25 lymphatic-specific genes in, for example, blood vascular endothelial cells or 
endothelial precursor cells. 

Lymphatic-specific gene transcripts are expected to provide useful 
targets for RNA interference (RNAi)-induced inhibition of expression. RNAi 
technology is expected to be useful in the methods according to the invention, such as 
30 therapeutic methods effective in treating hyper- and hypo-proliferative endothelial- 
cell-associated diseases and disorders, as well as methods of ameliorating a symptom 
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of any such disease or disorder. RNAi methodologies are known in the art and known 
RNAi technologies are contemplated as useful in various aspects of the invention. 
See Fire et al.. Nature 391 :806-811. (1998) and Sharp, P., Genes and Dev. 13:139-141. 
(1999), each of which is incorporated herein by reference. It is preferred that RNAi 
5 compounds be double-stranded RNA molecules corresponding to part or all of a 
coding, region of a desired target for expression. 

As noted, several of the new LEC genes encode transcription factors, 
which may control cellular fate (iroquois-related homeobox gene), and may have an 
important role in the differentiation of lymphatic endotheUal cells. Transcription 

10 factors disclosed herein may control transcription of genes involved for example in 
the proliferation of lymphatic endothelial cells, and may be important molecular 
regulators of lymphatic growth (Table 5). Lymphatic endotheUal cell specific 
transcription factors can be used for the differentiation of lymphatic endothelial cells 
from embryonic stem cells, endothehal precursor cells or from blood vascular 

15 endothelial cells. 

The lymphatic endothelial transcription factors may allow the 
improved in vitro growth of lymphatic endothelial cells as well as in vitro tissue 
engineering of lymphatic vessels for use in diseases where the lymphatics have been 
damaged, such as after surgery and in various forms of lymphedema. 

20 Polvnucleotides of the Invention 

In general, the isolated polynucleotides of the invention include the 
LEC and BEC polynucleotides exhibiting differential expression and identified in 
Tables 3, 4, 14, 15 and 16. The sequences of these polynucleoides are provided in 
Table 16, associated with their known database accession numbers, where appHcable. 

25 In Tables 14 and 15, these accession nxmibers are correlated with vmique sequence 
identifiers, thus permitting identification by sequence idenfier of each citation to an 
accession number. The polynuleotide sequences may include a coding region and 
may include non-coding flanking sequences, which are readily identifiable by one of 
skill in the art. The invention contemplates polynucleotides comprising part, or all, of 

30 a coding region, with or without flanking regions, e.g., poly A sequences, 5' non- 
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coding sequences, and the like. The polynucleotides of the present invention also 
include, but are not limited to, a polynucleotide that hybridizes to the complement of 
the nucleotide sequence of any one of SEQ ID NOS: 1-30, 45, 47, 49 and 51 under 
highly stringent hybridization conditions; a polynucleotide that hybridizes to the 
5 complement of the nucleotide sequence of any one of SEQ ID NOS: 1-30, 45, 47, 49 
and 51 under moderately stringent hybridization conditions; a polynucleotide which 
is an allelic variant of any polynucleotide recited above; a polynucleotide which 
encodes a species homologue of any of the proteins recited above; or a polynucleotide 
that encodes a polypeptide comprising a specific domain or truncation of the 

10 polypeptide of any one of SEQ ID NOS: 31-44, 46, 48, 50 and 52. Such 
polynucleotides hybridize under the above conditions to the complement of any one 
of SEQ ID NOS: 1-30, 45, 47, 49 and 51 or to a fragment of any one of SEQ ID NOS: 
1-30, 45, 47, 49 and 51 wherein the fragment is greater than at least about 10 bp, and, 
in alternate embodiments, is about 20 to about 50 bp, or is greater than about 100 bp, 

1 5 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, or 800 bp, where appropriate. 

The polynucleotides of the invention also provide polynucleotides that 
are variants of the polynucleotides recited above. Typically, such a variant sequence 
varies from one of those listed herein by no more than about 20%, i.e., the number of 
individual nucleotide substitutions, additions, and/or deletions in a similar sequence, 

20 as compared to the corresponding reference sequence, divided by the total number of 
nucleotides in the variant sequence is about 0.2 or less. Such a sequence is said to 
have 80% sequence identity to the Usted sequence. Such a variant sequence can be 
routinely identified by applying the foregoing algorithm. 

In one embodiment, a variant polynucleotide sequence of the invention 

25 varies from a listed sequence by no more than 10%, i.e., the number of individual 
nucleotide substitutions, additions, and/or deletions in a variant sequence, as 
compared to the corresponding reference sequence, divided by the total number of 
nucleotides in the variant sequence is about 0.1 or less. Such a sequence is said to 
have 90% sequence identity to the listed sequence. Such a variant sequence can be 

30 routinely identified by applying the foregoing algorithm. 
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In an alternate embodiment a variant sequence of the invention varies 
from a listed sequence by no more than by no more than 5%, i.e., the number of 
individual nucleotide substitutions, additions, and/or deletions in a variant sequence, 
as compared to the corresponding reference sequence, divided by the total number of 
5 nucleotides in the variant sequence is about 0.05 or less. Such a sequence is said to 
have 95% sequence identity to the listed sequence. Such a variant sequence can be 
routinely identified by applying the foregoing algorithm. 

In yet another alternate embodiment, a variant sequence of the 
invention varies from a listed sequence by no more than 2%, i.e., the number of 
10 individual nucleotide substitutions, additions, and/or deletions in a variant sequence, 
as compared to the corresponding reference sequence, divided by the total number of 
nucleotides in the variant sequence is about 0.02 or less. Such a sequence is said to 
have 98% sequence identity to the listed sequence. Such a variant sequence can be 
routinely identified. 

15 A polynucleotide according to the invention can be joined to any of a 

variety of other nucleotide sequences by well-established recombinant DNA 
techniques (see Sambrook J et al. (2d Ed.; 1989) Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY). Usefiil 
nucleotide sequences for joining to polypeptides include an assortment of vectors, 

20 e.g., plasmids, cosmids, lambda phage derivatives, phagemids, and the like, that are 
well known in the art. Accordingly, the invention also provides a vector including a 
polynucleotide of the invention and a host cell containing the polynucleotide. In 
general, the vector contains an origin of replication fimctional in at least one 
organism, convenient restriction endonuclease sites, and a selectable marker for the 

25 host cell. Vectors according to the invention include expression vectors, replication 
vectors, probe generation vectors, sequencing vectors, and retroviral vectors. A host 
cell according to the invention can be a prokaryotic or eukaryotic cell and can be a 
unicellular organism or part of a multicellular organism. Large nxmibers of suitable 
vectors and promoters are known to those of skill in the art and are commercially 

30 available for generating the recombinant constructs of the present invention. 
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The sequences falling within the scope of the present invention are not 
limited to the specific sequences herein described, but also include allelic variations 
thereof. Allelic variations can be routinely determined by comparing the sequence 
provided in any one of SEQ ID NOS: 1-30, 45, 47, 49 and 51, a representative 
5 intermediate fragment thereof, or a nucleotide sequence at least 99.9% identical to any 
one of SEQ ID NOS: 1-30, 45, 47, 49 and 51 with a sequence from another isolate of 
the same species. Furthermore, to accommodate codon variability, the invention 
includes nucleic acid molecules coding for the same amino acid sequences as do the 
specific open reading frames (ORFs) disclosed herein. In other words, in the coding 
10 region of an ORF, substitution of one codon for another which encodes the same 
amino acid is expressly contemplated. 

Unless provided for otherwise here, all terms are defined as is known 
in the art, for example as employed in U.S. Patent No. 6,350,447, incorporated herein 
by reference. 

15 Also contemplated are antisense polynucleotides based on the 

sequence of any of the LEG or BEC polynucleotides according to the invention. Such 
antisense polynucleotides are substantially complementary (e.g., at least 90% 
complementarity), and preferably perfectly complementary, to sequences of the 
polynucleotides of the invention, or fragments thereof, set out in the sequence listing, 

20 Tables 3, 4, 14-16, and throughout this disclosiwe that are differentially expressed in 
LECs and BECs. These polynucleotide sequences include any of SEQ ID NOS: 1-30, 
45, 47, 49 and 51, or a fragment thereof comprising at least 10 contiguous 
nucleotides. Antisense nucleic acid comprises a nucleotide sequence that is 
complementary to a "sense" nucleic acid encoding a protein (e.g., complementary to 

25 the coding strand of a double-stranded cDNA molecule or complementary to an 
mRNA sequence). Methods for designing and optimizing antisense nucleotides are 
described in Lima et aL, (J Biol Chem, ;272:626-38. 1997) and Kurreck et aL, 
{Nucleic Acids Res., ;30:1911-8. 2002). In one aspect, antisense nucleic acid 
molecules are provided that comprise a sequence complementary to at least about 10, 

30 25, 50, 100, 250 or 500 nucleotides or an entire coding strand. An antisense nucleic 
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acid of the invention can be constructed using chemical synthesis or enzymatic 
hgation reactions using procedures known in the art. 

In one embodiment, an antisense nucleic acid molecule is antisense to 
a "coding region" of the coding strand of a nucleotide sequence encoding a 
5 polypeptide of the invention. The term "coding region" refers to the region of the 
nucleotide sequence comprising codons which are translated into amino acid residues. 
In another embodiment, the antisense nucleic acid molecule is antisense to a 
"conceding region" of the coding strand of a nucleotide sequence encoding the 
polynucleotide. The temi "conceding region" refers to 5' and 3' sequences which 

10 flank the coding region that are not translated into amino acids (i.e., also referred to as 
5' and 3* untranslated regions). 

Antisense nucleic acids of the invention can be designed according to 
the rules of Watson and Crick or Hoogsteen base pairing. The antisense nucleic acid 
molecule can be complementary to the entire coding region of the mRNA of the 

15 polynucleotide of the invention, but more preferably is an oligonucleotide that is 
antisense to only a portion of the coding or noncoding region of the mRNA. An 
antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45, 
or 50 nucleotides in length. An antisense nucleic acid of the invention can be 
constructed using chemical synthesis or enzymatic ligation reactions using procedures 

20 known in the art. For example, an antisense nucleic acid (e.g., an antisense 
oligonucleotide) can be chemically synthesized using naturally occiuring nucleotides 
or variously modified nucleotides designed to increase the biological stability of the 
molecules or to increase the physical stability of the duplex formed between the 
antisense and sense nucleic acids (e.g., phosphorothioate derivatives and acridine 

25 substituted nucleotides can be used). 

The antisense nucleic acid molecules of the invention are typically 
administered to a subject or generated in situ such that they hybridize or bind to 
cellular mRNA and/or genomic DNA encoding the complementary polynucleotide, 
thereby inhibiting expression of the protein (e.g., by inhibiting transcription and/or 

30 translation). The hybridization can reflect conventional nucleotide complementarity 
to form a stable duplex, or, for example, in the case of an antisense nucleic acid 
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molecule that binds to DNA duplexes, through specific interactions in the major 
. groove of the double helix. 

An example of a route of administration of antisense nucleic acid 
molecules of the invention includes direct injection at a tissue site. Altematively, 
5 antisense nucleic acid molecules can be modified to target selected cells and then 
administered systemically. For example, for systemic administration, antisense 
molecules can be modified such that they specifically bind to receptors or antigens 
expressed on a selected cell surface (e.g., by linking the antisense nucleic acid 
molecules to peptides or antibodies that bind to cell surface receptors or antigens). 

10 Additional routes of antisense therapy may be used in the invention, e.g., topical 
administration, transdemial administration [reviewed by Brand in Cum Opin. Mol. 
Then 3:244-8. 2001] antisense administration using nanoparticulate systems [Lambert 
et al.. Adv. Drug. Deliv. Rev. 47:99-112. 2001], or administration of antisense 
nucleotides conjugated with peptide [Juliano et al., Cum Opin. MoL Ther. 2:297-303. 

15 2000]. 

The invention further contemplates use of the polynucleotides of the 
invention for gene therapy or in recombinant' expression vectors which produce 
polynucleotides or polypeptides of the invention that can regulate an activity of LEC 
genes, and are usefijl in therapy of LEC disorders such as lymphedema. Delivery of a 

20 fimctional gene encoding a polypeptide of the invention to appropriate cells is 
effected ex vivo, in situ, or in vivo by use of vectors, including viral vectors (e.g., 
adenovims, adeno-associated vims, or a retrovims), or ex vivo by use of physical 
DNA transfer methods (e.g., liposomes or chemical treatments). See, for example, 
Anderson, Nature, supplement to vol. 392, no. 6679, pp. 25-20 (1998). For additional 

25 reviews of gene therapy technology see Friedmann, (Science, 244: 1275-1281. 1989); 
Verma, (Scientific American: 263:68-72, 81-84. 1990); and Miller, (Nature, 357: 455- 
460. 1992). Introduction of any one of the nucleotides of the present invention or a 
gene encoding a polypeptide of the invention can also be accomplished with 
extrachromosomal substrates (transient expression) or artificial chromosomes (stable 

30 expression). Cells may also be cultured ex vivo in the presence of proteins of the 
present invention in order to proliferate or to produce a desired effect on, or activity 
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in, such cells. In another embodiment, cells comprising vectors expressing the 
polynucleotides or polypeptides of the invention may be cultured ex vivo and 
administered to an individual in need of treatment for an LEG disease or disorder. 

Given the foregoing disclosure of the nucleic acid constmcts, it is 
5 possible to produce the gene product of any of the genes comprising the sequence of 
any of SEQ ID NOS: 1^30, 45, 47, 49 and 51 by routine recombinant DNA/RNA 
techniques. A variety of expression vector/host systems may be utilized to contain 
and express the coding sequence. These include, but are not limited to, 
microorganisms such as bacteria transformed with recombinant bacteriophage, 

10 plasmid, phagemid, or cosmid DNA expression vectors; yeast transformed with yeast 
expression vectors; insect cell systems infected with viral expression vectors (e,g,, 
baculo virus); plant cell systems transfected with virus expression vectors (e.g., 
CauUflower Mosaic Virus, CaMV; Tobacco Mosaic Virus, TMV) or transformed with 
bacterial expression vectors (e.g., Ti or pBR322 plasmid); or even animal cell 

15 systems. Mammalian cells that are useful in recombinant protein productions include, 
but are not limited to, VERO cells, HeLa cells, Chinese hamster ovary (CHG) cells, 
COS cells (such as COS-7), WI38, BHK, HepG2, 3T3, RIN, MDCK, A549, PC12, 
K562 and HEK 293 cells. 

Polypeptides of the invention 

20 In general, the isolated LEC and BEC polypeptides of the invention are 

encoded by the above-described differentially expressed LEC and BEC 
polynuleotides of the invention. The sequences of the LEC and BEC polypeptides are 
provided in Table 16, associated with their known database accession numbers, where 
applicable. In Tables 14 and 15, these accession numbers are correlated with unique 

25 sequence identifiers, thus permitting identification by sequence idenfier of 4each 
citation to an accession number. The isolated polypeptides of the invention include, 
but are not limited to, a polypeptide comprising: the amino acid sequences set forth as 
any one of SEQ ED NOS.: 31-44, 46, 48, 50 and 52 or an amino acid sequence 
encoded by any one of the nucleotide sequences set forth in SEQ ID NOS.: 1-30, 45, 

30 47, 49 and 51, or the corresponding fiiU length or mature protein. The invention also 
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provides biologically active or immunologically active variants of any of the amino 
acid sequences set forth as SEQ ID NOS.: 31-44, 46, 48, 50 and 52, or the 
corresponding full length or mature protein suitable variant polypeptides have 
sequences that are at least about 65%, at least about 70%, at least about 75%, at least 
5 about 80%, at least about 85%, 86%, 87%, 88%, 89%, at least about 90%, 91%, 92%, 
93%, 94%, typically at least about 95%, 96%, 97%, more typically at least about 98%, 
or most typically at least about 99% amino acid identity, that retain biological activity. 
Fragments of the proteins of the present invention which comprise at least 10 
contiguous amino acids of a sequence disclosed herein and that are capable of 

10 exhibiting a biological activity of the corresponding full length protein are also 
encompassed by the present invention. 

The protein coding sequence is identified in the sequence listing by 
translation of the disclosed nucleotide sequences. The mature form of such protein 
may be obtained by expression of a full-length polynucleotide in a suitable 

15 mammalian cell or other host cell. The sequence of the mature form of the protein is 
also determinable from the amino acid sequence of the full-length form. Where 
proteins of the present invention are membrane bound, soluble forms of the proteins 
are also provided. In such forms, part or all of the regions causing the proteins to be 
membrane bound are deleted so that the proteins are capable of being fully secreted 

20 from the cell in which it is expressed. 

A variety of methodologies known in the art can be utiUzed to obtain 
any one of the isolated polypeptides or proteins of the present invention. At the 
simplest level, the amino acid sequence can be synthesized using commercially 
available peptide synthesizers. The polypeptides and proteins of the present invention 

25 can alternatively be purified from cells which have been altered to express the desired 
polypeptide or protein. As used herein, a cell is said to be altered to express a desired 
polypeptide or protein when the cell, through genetic manipulation, is made to 
produce a polypeptide or protein which it normally does not produce or which the cell 
normally produces at a lower level. One skilled in the art can readily adapt 

30 procedures for introducing and expressing either recombinant or synthetic sequences 
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into eukaryotic or prokaryotic cells in order to generate a cell which produces one of 
the polypeptides or proteins of the present invention. 

A "fragment" of a polypeptide is meant to refer to any portion of the 
molecule, such as the peptide core, a variant of the peptide core, or an extracellular 
5 region of the polypeptide. A "variant" of a polypeptide is meant to refer to a molecule 
substantially similar in structure and biological activity to either the entire molecule, 
or to a fragment thereof. Thus, provided that two molecules possess a similar activity, 
tiiey are considered variants as that term is used herein even if the composition or 
secondary, tertiary, or quaternary structure of one of the molecules is not identical to 

10 that found in the other, or if the sequence of amino acid residues is not identical. An 
"analogue" of a polypeptide or genetic sequence is meant to refer to a protein or 
genetic sequence substantially similar in function and structure to the isolated 
polypeptide or genetic sequence. 

It is understood herein that conservative amino acid substitutions can 

15 be performed to a pvirified and isolated polypeptide comprising any one of the 
sequences of SEQ ID NOS.: 31-44, 46, 48, 50 and 52 which are likely to result in a 
polypeptide that retains biological or immunological activity, especially if the nxmiber 
of such substitutions is small. By "conservative amino acid substitution" is meant 
substitution of an anndno acid with an amino acid having a side chain of a similar 

20 chemical character. Similar amino acids for making conservative substitutions 
include those having an acidic side chain (glutamic acid, aspartic acid); a basic side 
chain (arginine, lysine, histidine); a polar amide side chain (glutamine, asparagine); a 
hydrophobic, aliphatic side chain (leucine, isoleucine, valine, alanine, glycine); an 
aromatic side chain (phenylalanine, tryptophan, tyrosine); a small side chain (glycine, 

25 alanine, serine, threonine, methionine); or an aliphatic hydroxyl side chain (serine, 
threonine). 

Microarrays 

Another aspect of the invention is a composition comprising a plurality 
of polynucleotide probes for use in detecting gene expression pattem(s) characteristic 
30 of particular cell type(s) and for detecting changes in the expression pattern of a 
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particular cell type, e.g., lymphatic endothelial cells. For example, the invention 
comprehends an array, such as a microarray, comprising polynucleotides having at 
least 10 contiguous nucleotides selected from the polynucleotide sequences presented 
in the sequence listing. 

5 Also contemplated are microarrays comprising polynucleotides having 

at least 10 contiguous nucleotides selected from the group of SEQ ID NOS: 1-30, 45, 
47, 49 and 5L Microarrays of the invention comprise at least 3 polynucleotides, 
wherein each enimierated polynucleotide has a distinct sequence selected from the 
group consisting of SEQ ID NOS: 1-30, 45, 47, 49 and 51. Such microarrays may also 

10 have duplicate polynucleotides and additional polynucleotides, e.g., control 
polynucleotides for use in hybridization-based assays using the microarray. Arrays, 
including microarrays, having more than three distinct polynucleotides according to 
the invention, such as at least five, seven, nine, 20, 50 or more such polynucleotides, 
will be recognized as arrays according to the invention having the capability of 

15 )delding subtle distinctions between biological samples such as various endothelial 
cell types, or of providing a different, and typically greater, level of confidence in the 
various uses of such arrays, e.g., in screening for particular endothelial cells, in 
screening for abnormal or diseases cells and tissues, and the like. 

The term "microarray" refers to an ordered arrangement of 

20 hybridizable array elements. The array elements are arranged so that there are 
preferably at least three or more different array elements, more preferably at least 100 
array elements, and most preferably at least 1,000 array elements, on a solid support. 
Preferably, the solid support is a 1 cm^ substrate surface, bead, paper, nylon or other 
type of membrane, filter, chip, glass slide, or any other suitable solid support. The 

25 hybridization signal from each of the array elements is individually distinguishable. 
Li a preferred embodiment, the array elements comprise polynucleotide probes. 

Hybridization means contacting two or more nucleic acids under 
conditions suitable for base pairing. Hybridization includes interaction between 
partially or perfectly complementary nucleic acids. Suitable hybridization conditions 

30 are well known to those of skill in the art. In certain applications, it is appreciated 
that lower stringency conditions may be required. Under these conditions. 
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hybridization may occur even though the sequences of the interacting strands are not 
perfectly complementary, being mismatched at one or more positions. Conditions 
may be rendered less stringent by adjusting conditions in accordance with the 
knowledge in the art, e.g., increasing salt concentration and/or decreasing 
5 temperature. Suitable hybridization conditions are those conditions that allow the 
detection of gene expression from identifiable expression units such as genes. 
Preferred hybridization conditions are stringent hybridization conditions, such as 
hybridization at 42^C in a solution {i.e., a hybridization solution) comprising 50% 
formamide, 1% SDS, 1 M NaCl, 10% dextran sulfate, and washing for 30 minutes at 

10 65°C in a wash solution comprising 1 X SSC and 0.1% SDS. It is understood in the 
art that conditions of equivalent stringency can be achieved through variation of 
temperature and buffer, or salt concentration, as described in Ausubel, et al (Eds.), 
Protocols in Molecular Biologv> John Wiley & Sons (1994), pp. 6.0.3 to 6.4,10. 
Modifications in hybridization conditions can be empirically determined or precisely 

15 calculated based on the length and the percentage of guanosine/cytosine (GC) base 
pairing of the probe. The hybridization conditions can be calculated as described in 
Sambrook, et al, (Eds.), Molecular Cloning: A Laboratory Manual. Cold Spring 
Harbor Laboratory Press: Cold Spring Harbor, New York (2d. Ed.; 1989), pp. 9.47 to 
9.51. 

20 One method of using probes and primers of the invention is in the 

detection of gene expression in human cells. Normally, the target will be expressed 
RNAs, although genomic DNA or a cDNA library may be screened. By varying the 
stringency of hybridization and the target binding site (i.e., the sequence of the probe, 
corresponding to a subset of one of the sequences set forth at SEQ ID NOS: 1-30, 45, 

25 47, 49 and 51), different degrees of homology are expected to result in hybridization. 

The microarray can be used for large-scale genetic or gene expression 
analysis of a large number of target polynucleotides. The microarray can also be used 
in the diagnosis of diseases and in the monitoring of treatments. Further, the 
microarray can be employed to investigate an individual's predisposition to a disease. 

30 Furthermore, the microarray can be employed to investigate cellular responses to 
infection, drug treatment, and the like. 
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The nucleic acid probes can be genomic DNA or cDNA or mRNA 
polynucleotides or oligonucleotides, or any RNA-like or DNA-like material, such as 
peptide nucleic acids, branched DNAs, and the like. The probes can be sense or 
antisense nucleotide probes. Where target polynucleotides are double-stranded, the 
5 probes may be either sense or antisense strands. Where the target polynucleotides are 
single-stranded, the probes are complementary single strands. In one embodiment, 
the probes are cDNAs. The size of the DNA sequence of interest may vary and is 
preferably from 100 to 1 0,000 nucleotides, more preferably from 150 to 3,500 
nucleotides. 

1 0 The probes can be prepared using a variety of synthetic or enzymatic 

techniques, which are well known in the art. The probes can be synthesized, in whole 
or in part, using chemical methods well known in the art (Caruthers et al.. Nucleic 
Acids Res., Symp. Ser., 215-233, 1980). 

Pharmaceutical Formulations and Routes of Administration 

15 A protein of the present invention (from whatever source derived, such 

as from recombinant and non-recombinant sources) may be administered to a patient 
in need, by itself, or in pharmaceutical compositions where it is mixed with suitable 
carriers, diluents, adjuvants or excipients at doses to treat or ameliorate a variety of 
disorders. Such a composition may also contain (in addition to protein and a carrier) 

20 diluents, fillers, salts, buffers, stabilizers, solubilizers, and other materials well known 
in the art. The term "pharmaceutically acceptable" means a non-toxic material that 
does not interfere with the effectiveness of the biological activity of the active 
ingredient(s). The characteristics of the carrier will depend on the route of 
administration. The pharmaceutical composition of the inyention may also contain 

25 cytokines, chemokines, lymphokines, growth factors, or other hematopoietic factors 
such as a PDGF, a VEGF (particularly a VEGF-C or a VEGF-D), VEGFR-3 
(including soluble VEGFR-3 peptides comprising an extracellular domain), M-CSF, 
GM-CSF, TNF, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL^ 
12, IL-13, IL-14, IL-15, IFN, TNFO, TNFl, TNF2, G-CSF, Meg-CSF, thrombopoietin, 

30 stem cell factor, and erythropoietin. Various forms of these polypeptides are 
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contemplated as well, such as isolated holoproteins, subiuiits, fragments (e.g., soluble 
fragments), and peptide fusions. The phamiaceutical composition may further contain 
other agents which either enhance the activity of the protein or complement its 
activity or use in treatment. Such additional factors and/or agents may be included in 
5 the pharmaceutical composition to produce a synergistic effect with a protein of the 
invention, or to minimize side effects. Conversely, a protein of the present invention 
may be included in formulations of the particular cytokine, lymphokine, other 
hematopoietic factor, thrombolytic or anti-thrombotic factor, or anti-inflammatory 
agent to minimize side effects of the cytokine, lymphokine, other hematopoietic 

10 factor, thrombolytic or anti-thrombotic factor, or anti-inflammatory agent. A protein 
of the present invention may be active in multimers (e.g., heterodimers or 
homodimers) or complexes with itself or other proteins. As a result, pharmaceutical 
compositions of the invention may comprise a protein of the invention in such 
multimeric or complexed form. 

15 Techniques for formulation and administration of the compounds of the 

instant application may be foimd in "Remington's Pharmaceutical Sciences," Mack 
Publishing Co., Easton, Pa., latest edition. A therapeutically effective dose further 
refers to that amount of the compound suflBcient to result in amelioration of 
symptoms, e.g., treatment, healing, prevention or amelioration of the relevant medical 

20 condition, or an increase in rate of beneficial change, healing, prevention or 
amelioration of such conditions. When applied to an individual active ingredient, 
administered alone, a therapeutically effective dose refers to that ingredient alone. 
When applied to a combination, a therapeutically effective dose refers to combined 
amoimts of the active ingredients that result in the therapeutic effect, whether 

25 administered in combination, serially or simultaneously. 

In practicing methods of treatment or use of the present invention, a 
therapeutically effective amount of protein of the present invention is administered to 
a mammal having a condition or disorder to be treated. Protein of the present 
invention may be administered in accordance with the method of the invention either 

30 alone or in combination with other therapies such as treatments employing cytokines, 
lymphokines or other hematopoietic factors. When co-administered with one or more 
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cytokines, lymphokines or other hematopoietic factors, a protein of the invention may 
be administered either simultaneously with the cytokine(s), lymphokine(s), other 
hematopoietic factor(s), thrombolytic or anti-thrombotic factors, or sequentially. If 
administered sequentially, the attending physician will decide on the appropriate 
5 sequence of administering a protein of the invention in combination with a 
cytokine(s), lymphokine(s), other hematopoietic factor(s), thrombolytic or anti- 
thrombotic factors. 

Routes of Administration 

Suitable routes of administration may, for example, include oral, rectal, 

10 transmucosal, or intestinal administration; parenteral delivery, including 
intramuscular, subcutaneous, intramedullary injections, as well as intrathecal, direct 
intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injections. 
Administration of protein of the present invention used in the pharmaceutical 
composition or to practice the method of the present invention is carried out in a 

15 variety of conventional ways, such as oral ingestion, inhalation, topical application or 
cutaneous, subcutaneous, intraperitoneal, parenteral or intravenous injection. 
Intravenous administration to a mammal, such as a hviman patient, is preferred. 
Alternately, one may administer the compoimd in a local rather than systemic manner, 
for example, via injection of the compound at the site of intended action. 

20 Compositions/F ormulations 

Pharmaceutical compositions for use in accordance with the present 
invention thus may be formulated in a conventional manner using one or more 
physiologically acceptable carriers comprising excipients and auxiliaries which 
facilitate processing of the active compoimds into preparations which can be used 

25 pharmaceutically. These pharmaceutical compositions may be manufactured in a 
manner that is itself known, e,g,, by means of conventional mixing, dissolving, 
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or 
lyophilizing processes. Proper formulation is dependent upon the route of 
administration chosen. When a therapeutically effective amount of protein of the 
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present invention is administered orally, protein of the present invention will be in the 
form of a tablet, capsule, powder, solution or elixir. When administered in tablet 
form, the pharmaceutical composition of the invention may additionally contain a 
solid carrier such as a gelatin or an adjuvant. The tablet, capsule, and powder contain 
5 from about 5 to 95% protein of the present invention, and preferably from about 25 to 
90% protein of the present invention. When administered in liquid form, a liquid 
carrier such as water, petroleimi, oils of animal or plant origin such as peanut oil, 
mineral oil, soybean oil, or sesame oil, or synthetic oils may be added. The liquid 
form of the pharmaceutical composition may further contain physiological saline 
10 solution, dextrose or other saccharide solution, or glycols such as ethylene glycol, 
propylene glycol or polyethylene glycol. When administered in liquid form, the 
pharmaceutical composition contains from about 0.5 to 90% by weight of protein of 
the present invention, and preferably from about 1 to 50% protein of the present 
invention. 

15 When a ther^eutically effective amount of protein of the present 

invention is administered by intravenous, cutaneous or subcutaneous injection, protein 
of the present invention will be in the form of a pyrogen-free, parenterally acceptable 
aqueous solution. The preparation of such parenterally acceptable protein solutions, 
having due regard to pH, isotonicity, stability, and the like, is within the skill in the 

20 art. A preferred pharmaceutical composition for intravenous, cutaneous, or 
subcutaneous injection should contain, in addition to protein of the present invention, 
an isotonic vehicle such as Sodium Chloride frijection, Ringer's Injection, Dextrose 
Injection, Dextrose and Sodium Chloride Injection, Lactated Ringer's Injection, or 
other vehicle as known in the art. The pharmaceutical composition of the present 

25 invention may also contain stabilizers, preservatives, buflFers, antioxidants, or other 
additives known to those of skill in the art. For injection, the agents of the invention 
may be formulated in aqueous solutions, preferably in physiologically compatible 
buffers such as Hanks' solution, Ringer^s solution, or physiological saline buffer. For 
transmucosal administration, penetrants appropriate to the barrier to be permeated are 

30 used in the formulation. Such penetrants are generally known in the art. 
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For oral administration, the compounds can be formulated readily by 
combining the active compoxmds with pharmaceutically acceptable carriers well 
known in the art. Such carriers enable the compounds of the invention to be 
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, 
5 suspensions and the like, for oral ingestion by a patient to be treated. Pharmaceutical 
preparations for oral use can be obtained by combination with a soUd excipient, 
optionally grinding a resulting mixture, and processing the mixture of granules, after 
adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including lactose, sucrose, 

10 mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat 
starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or 
polj^inylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as 
the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as 

IS sodium alginate. Dragee cores are provided with suitable coatings. For this purpose, 
concentrated sugar solutions may be used, which may optionally contain gum arabic, 
talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium 
dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures. 
Dyestufifs or pigments may be added to the tablets or dragee coatings for identification 

20 or to characterize different combinations of active compound doses. 

Pharmaceutical preparations which can be used orally include push-fit 
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a 
plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active 
ingredients in admixture with filler such as lactose, binders such as starches, and/or 

25 lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft 
capsules, the active compounds may be dissolved or suspended in suitable liquids, 
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, 
stabilizers may be added. All formulations for oral administration should be in 
dosages suitable for such administration. For buccal administration, the compositions 

30 may take the form of tablets or lozenges formulated in conventional manner. 
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For administration by inhalation, the compounds for use according to 
the present invention are conveniently delivered in the form of an aerosol spray 
presentation from pressurized packs or a nebuliser, with the use of a suitable 
propellant, e.g. , dichlorodifluoromethane, trichlorofluoromethane, 

5 dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a 
pressurized aerosol the dosage unit may be determined by providing a valve to deliver 
a metered amovmt. Capsules and cartridges of, e,g.^ gelatin for use in an inhaler or 
insufflator may be formulated containing a powder mix of the compound and a 
suitable powder base such as lactose or starch. The compoimds may be formulated 
10 for parenteral administration by injection, e.g., by bolus injection or continuous 
infusion. Formulations for injection may be presented in unit dosage form, e.g., in 
ampoules or in multi-dose containers, with an added preservative. The compositions 
may take such forms as suspensions, solutions or emulsions in oily or aqueous 
vehicles, and may contain formulatory agents such as suspending, stabilizing and/or 
IS dispersing agents. 

Phjarmaceutical formulations for parenteral administration include 
aqueous solutions of the active compounds in water-soluble form. Additionally, 
suspensions of the active compounds may be prepared as appropriate oily injection 
suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame 
20 oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. 
Aqueous injection suspensions may contain substances which increase the viscosity of 
the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. 
Optionally, the suspension may also contain suitable stabilizers or agents which 
increase the solubiUty of the compounds to allow for the preparation of highly 
25 concentrated solutions. Alternatively, the active ingredient may be in powder form for 
constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases 
such as cocoa butter or other glycerides. In addition to the formulations described 
30 previously, the compounds may also be formulated as a depot preparation. Such long- 
acting formulations may be administered by implantation (for example 
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subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example, 
the compounds may be formulated with suitable polymeric or hydrophobic materials 
(for example as an emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt. 
5 A pharmaceutical carrier for the hydrophobic compounds of the 

invention is a cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a 
water-miscible organic polymer, and an aqueous phase. The cosolvent system may be 
the VPD co-solvent system. VPD is a solution of 3% w/v benzyl alcohol, 8% w/v of 
the nonpolar surfactant polysorbate 80, and 65% w/v polyethylene glycol 300, made 
10 up to volume in absolute ethanoL The VPD co-solvent system (VPD:5W) consists of 
VPD diluted 1:1 with a 5% dextrose-in-water solution. This co-solvent system 
dissolves hydrophobic compounds well, and itself produces low toxicity upon 
systemic administration. Naturally, the proportions of a co-solvent system may be 
varied considerably without destroying its solubility and toxicity characteristics, 
15 Furthemiore, the identity of the co-solvent components may be varied: for example, 
other low-toxicity nonpolar surfactants may be used instead of polysorbate 80; the 
fraction size of polyethylene glycol may be varied; other biocompatible polymers may 
replace polyethylene glycol, e.g., polyvinyl pyrrolidone; and other sugars or 
polysaccharides may substitute for dextrose. Alternatively, other delivery systems for 
20 hydrophobic pharmaceutical compounds may be employed. Liposomes and 
emulsions are well known examples of delivery vehicles or carriers for hydrophobic 
drugs. Certain organic solvents such as dimethylsulfoxide also may be employed, 
although usually at the cost of greater toxicity. Additionally, the compounds may be 
delivered using a sustained-release system, such as semipermeable matrices of sohd 
25 hydrophobic polymers containing the therapeutic agent Various sustained-release 
materials have been established and are well known by those skilled in the art. 
Sustained-release capsules may, depending on their chemical nature, release the 
compoimd over a time period of a few weeks up to over 100 days. Depending on the 
chemical nature and the biological stabiHty of the therapeutic reagent, additional 
30 strategies for protein stabilization may be employed. 
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The pharmaceutical compositions also may comprise suitable solid or 
gel-phase carriers or excipients. Examples of such carriers or excipients include but 
are not limited to calcium carbonate, calcium phosphate, various sugars, starches, 
cellulose derivatives, gelatin, and polymers such as polyethylene glycols. Many of 
5 the proteinase-inhibiting compounds of the invention may be provided as salts with 
pharaiaceutically compatible counterions. Such pharmaceutically acceptable base 
addition salts are those salts which retain the biological effectiveness and properties of 
the free acids and which are obtained by reaction with inorganic or organic bases such 
as sodium hydroxide, magnesium hydroxide, ammonia, trialkylamine, dialkylamine, 

10 monoalkylamine, dibasic amino acids, sodium acetate, potassiimi benzoate, triethanol 
amine, and the like. 

The pharmaceutical compositions of the invention may be in the form 
of a complex of a protein(s) of the present invention along with protein or peptide 
antigens. The pharmaceutical compositions of the invention may be in the form of a 

15 liposome in which protein of the present invention is combined, in addition to other 
pharmaceutically acceptable carriers, with amphipathic agents such as lipids which 
exist in aggregated form as micelles, insoluble monolayers, liquid crystals, or lamellar 
layers in aqueous solution. Suitable lipids for liposomal formulation include, without 
limitation, monoglycerides, diglycerides, sulfatides, lysolecithin, phospholipids, 

20 saponin, bile acids, and the like. Preparation of such liposomal formulations is within 
the level of skill in the art, as disclosed, for example, in U.S. Pat Nos. 4,235,871; 
4,501,728; 4,837,028; and 4,737,323, each of which is incorporated herein by 
reference. 

The amount of protein of the invention in the pharmaceutical 
25 composition will depend upon the nature and severity of the condition being treated, 
and on the nature of prior treatments which the patient has undergone. Ultimately, the 
attending physician will decide the amount of protein of the present invention with 
which to treat each individual patient. Initially, the attending physician will 
administer low doses of protein of the present invention and observe the patient's 
30 response. Larger doses of protein of the present invention may be administered until 
the optimal therapeutic eflFect is obtained for the patient, and at that point the dosage is 
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not increased further. It is contemplated that the various pharmaceutical compositions 
used to practice the methods of the invention should contain about 0.01 (ig to about 
100 mg (preferably about 0.1 |J.g to about 10 mg, more preferably about 0.1 \ig to 
about 1 mg) of protein of the invention per kg body weight. When administered, the 
therapeutic composition for use in this invention is in a pyrogen-free, physiologically 
acceptable form. Therapeutically useful agents other than a protein of the invention 
which may also optionally be included in the composition as described above, may 
alternatively or additionally, be administered simultaneously or sequentially with the 
composition in the methods of the invention. 

Polynucleotides of the present invention can also be used for gene 
therapy. Such polynucleotides can be introduced either in vivo or ex vivo into cells for 
expression in a mammalian subject. Polynucleotides of the invention may also be 
administered by other known methods for introduction of nucleic acid into a cell or 
organism (including, without limitation, in the form of viral vectors or naked DNA). 
Cells may also be cultured ex vivo in the presence of proteins of the present invention 
in order to proliferate or to produce a desired effect on or activity in such cells. 
Treated cells can then be introduced in vivo for therapeutic purposes. 

Effective Dosage 

Pharmaceutical compositions suitable for use in the present invention 
20 include compositions wherein the active ingredients are contained in an effective 
amount to achieve an intended purpose. More specifically, a therapeutically effective 
amount means an amount effective to prevent development of, or to alleviate the 
existing symptoms of, the subject being treated. Suitable properties that may be used 
in determining effective dosages include measurements of LEC and/or BEC growth 
25 stimulation or inhibition, rates or extent of cell differentiation into LECs and/or BECs, 
tendencies of cell expression patterns to shift towards or away fi-om LEC- or BEC- 
specific expression pattems, and the like. Determination of the effective amounts is 
well within the capability of those skilled in the art, especially in light of the detailed 
disclosure provided herein. For any compound used in a method of the invention, the 
30 therapeutically effective dose can be estimated initially firom cell culture assays. For 
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example, for inhibitory mefliods, a dose can be formulated in animal models to 
achieve a circulating concentration range that includes the IC50 as determined in cell 
culture (z.e., the concentration of the test compound which achieves a half-maximal 
inhibitory concentration). Such information can be used to more accurately determine 
5 useful doses in humans. 

A therapeutically effective dose refers to that amount of the eompoimd 
that results in amelioration of symptoms or, in the case of life-threatening conditions, 
a prolongation of survival in a patient. Toxicity and therapeutic efficacy of such 
compounds can be determined by standard pharmaceutical procedures in cell cultures 

10 or experimental animals, e.g.^ for determining the LD50 (the dose lethal to 50% of the 
population) and the ED50 (the dose therapeutically eflfective in 50% of the population). 
The dose ratio between toxic and therapeutic effects is the therapeutic index and it can 
be expressed as the ratio between LD50 and ED50. Compounds which exhibit high 
therapeutic indices are preferred. The data obtained from these cell culture assays and 

15 animal studies can be used in formulating a range of dosage for use in human. The 
dosage of such compounds lies preferably within a range of circulating concentrations 
that include the ED50 with little or no toxicity. The dosage may vary within this range 
depending upon the dosage form employed and the route of administration utilized. 
The exact formulation, route of administration and dosage can be chosen by the 

20 individual physician in view of the patient's condition. See, e.g., Fingl et al., 1975, in 
"The Pharaiacological Basis of Therapeutics", Ch. 1 p.l. 

The amount of composition administered will, of course, be dependent 
on the subject being treated, on the subject's weight, the severity of the affliction, the 
manner of administration and the judgment of the prescribing physician. 

25 Packaging 

The compositions may, if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the active 
ingredient. The pack may, for example, comprise metal or plastic foil, such as a 
blister pack. The pack or dispenser device may be accompanied by instructions for 
30 administration. Compositions comprising a compound of the invention formulated in 
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a compatible pharmaceutical carrier may also be prepared, placed in an appropriate 
container, and labelled for treatment of an indicated condition. 

In addition, the invention comprehends a use of such a composition to 
manufacture a medicament for the treatment of a cell or ah organism, such as a human 
5 patient, having a hyperproliferative or hypoproliferative disorder of a LEG and/or 
BEC, such as lymphedema, lymphangioma, lymphangiomyeloma, 
lymphangiomatosis, lymphangiectasis, lymphosarcoma, or lymphangiosclerosis, 
. comprising administering an effective amount, or dose, of a composition according to 
the invention to the cell or organism. Suitable compositions include, but are not 

10 limited to, any polynucleotide according to the invention (e.g., an antisense 
polynucleotide), any polypeptide according to the invention, an antibody specifically 
recognizing a polynucleotide or polypeptide according to the invention, a small 
molecule compound effective in modulating the expression of a polynucleotide 
according to the invention, and the like. Also contemplated are uses of compositions 

15 according to the invention for the manufacture of a medicament to ameliorate a 
symptom associated with a LEG- or BEG-associated disease or disorder. 

Antibodies 

Antibodies are useful for modulating the polypeptides of the invention 
due to the ability to easily generate antibodies with relative specificity, and due to the 

20 continued improvements in technologies for adopting antibodies to himian therapy. 
Thus, the invention contemplates use of antibodies (e.g., monoclonal and polyclonal 
antibodies, single chain antibodies, chimeric antibodies, bifunctional/bispecific 
antibodies, humanized antibodies, human antibodies, and complementary determining 
region (GDR)-grafted antibodies, including compounds which include GDR 

25 sequences which specifically recognize a polypeptide of the invention), specific for 
polypeptides of interest to the invention. Preferred antibodies are himian antibodies, 
such as those produced in transgenic animals, which are produced and identified 
according to methods described in W093/11236, published June 20, 1993, which is 
incorporated herein by reference in its entirety. Antibody fi-agments, including Fab, 

30 Fab', F(ab')2, and Fv, are also provided by the invention. The term "specific for," 
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when used to describe antibodies of the invention, indicates that the variable regions 
of the antibodies of the invention recognize and bind the polypeptide of interest at a 
detectably different, and greater, level that bind to other substances (i.e., able to 
distinguish the polypeptides of interest from other known polypeptides of the same 
5 family, by virtue of measurable differences in binding affinity, despite the possible 
existence of localized sequence identity, homology, or similarity between family 
members). It will be understood that specific antibodies may also interact with other 
proteins (for example, 5. aureus protein A or other antibodies in ELISA techniques) 
through interactions with sequences outside the variable region of the antibodies, and 

10 in particular, in the constant region of the molecule. Screening assays to determine 
binding specificity of an antibody of the invention are well known and routinely 
practiced in the art. For a comprehensive discussion of such assays, see Harlow et al. 
(Eds*), Antibodies A Laboratory Manual; Cold Spring Harbor Laboratory; Cold 
Spring Harbor, NY (1 988), Chapter 6. 

1 5 Non-human antibodies may be humanized by any method known in the 

art. A preferred "humanized antibody" has a human constant region, while the 
variable region, or at least a complementarity-determining region (CDR), of the 
antibody is derived from a non-h\mian species. Methods for humanizing non-human 
antibodies are well known in the art. {see U.S. Patent Nos. 5,585,089, and 5,693,762). 

20 Generally, a humanized antibody has one or more amino acid residues introduced into 
its framework region from a source which is non-human. Humanization can be 
performed, for example, using methods described in Jones et al. [Nature 321: 522- 
525, (1986)], Riechmann et al, [Nature, 332: 323-327, (1988)] and Verhoeyen et al 
[Science 239:1534-1536, (1988)], by substituting at least a portion of a rodent CDR 

25 for the corresponding regions of a human antibody. Numerous techniques for 
preparing engineered antibodies are described, e.g., in Owens and Yoxmg, J. Immunol. 
Meth., 168:149-165 (1994). Further changes can then be introduced into the antibody 
framework to modulate affinity or immunogenicity. 

The invention further provides a hybridoma that produces an antibody 

30 according to the invention. Antibodies of the invention are useful for detection and/or 
purification of the polypeptides of the invention. 
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Polypeptides and/or polynucleotides of the invention may also be used 
to immvinize animals to obtain polyclonal and monoclonal antibodies which 
specifically react with the polypeptide. Such antibodies may be obtained using either 
the entire polypeptide or fi-agments thereof as an inununogen. The peptide 
5 immunogens additionally may contain a cysteine residue at the carboxyl terminus, and 
may be conjugated to a hapten such as keyhole limpet hemocyanin (KLH). Methods 
for synthesizing such peptides are known in the art, for example, as in R, P. 
Merrifield^ J. Amen Chem. Soc. 55:2149-2154 (1963); J. L. Krstenansky, et al., FEBS 
Lett. 211: 10 (1987). Monoclonal antibodies binding to the protein of the invention 

10 may be useful diagnostic agents for the immunodetection of the polypeptide. 
Neutralizing monoclonal antibodies binding to the polypeptide may also be useful 
therapeutics for both conditions associated with the polypeptide and also in the 
treatment of some forms of cancer where abnormal expression of the polypeptide is 
involved. In the case of cancerous cells or leukemic cells, neutralizing monoclonal 

15 antibodies against the polypeptide are useful in detecting and preventing the 
metastatic spread of the cancerous cells mediated by the polypeptide. . In general, 
techniques for preparing polyclonal and monoclonal antibodies as well as hybridomas 
capable of producing the desired antibody are well known in the art (Campbell, A. M., 
Monoclonal Antibodies Technology: Laboratory Techniques in Biochemistry and 

20 Molecular Biology, Elsevier Science Publishers, Amsterdam, The Netherlands (1984); 
St. Groth et al., J, Immunol. 55:1-21 (1990); Kohler and Milstein, Nature 256:495-497 
(1975)), the trioma technique, the human B-cell hybridoma technique (Kozbor et al.. 
Immunology Today 4:72 (1983); Cole et al., in Monoclonal Antibodies and Cancer 
Therapy, Alan R. Liss, Inc. (1985), pp. 77-96). 

25 Any animal (mouse, rabbit, and the like) which is known to produce 

antibodies can be immunized with a peptide or polypeptide of the invention. Methods 
for immxmization are well known in the art. Such methods include subcutaneous or 
intraperitoneal injection of the polypeptide. One skilled in the art will recognize that 
the amount of the polypeptide encoded by an ORF of the invention used for 

30 immunization will vary based on the animal which is inununized, the antigenicity of 
the peptide and the site of injection. The protein that is used as an immimogen may 
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be modified or administered in an adjuvant in order to increase the protein's 
antigenicity. Methods of increasing the antigenicity of a protein are well known in the 
art and include, but are not limited to, coupling the antigen with a heterologous 
protein (such as a globulin or p-galactosidase) or through the inclusion of an adjuvant 
5 during immunization. 

For monoclonal antibodies, spleen cells from the immunized animals 
are removed, fused with myeloma cells, such as SP2/0-Agl4 myeloma cells, and 
allowed to become monoclonal-antibody-producing hybridoma cells. Any one of a 
number of methods well known in the art can be used to identify the hybridoma cell 

10 which produces an antibody with the desired characteristics. These include screening 
the hybridomas with an ELISA assay. Western blot analysis, or radioimmxmoassay 
(Lutz et al, Exp. Cell Research. 175:109-124. 1988). Hybridomas secreting the 
desired antibodies are cloned and the class and subclass is determined using 
procedures known in the art (Campbell, A. M., Monoclonal Antibody Technology: 

15 Laboratory Techniques in Biochemistry and Molecular Biology, Elsevier Science 
Publishers, Amsterdam, The Netherlands (1984)). Techniques described for the 
production of single-chain antibodies (U.S. Pat. No. 4,946,778) can be adapted to 
produce single-chain antibodies to polypeptide of the invention. 

For polyclonal antibodies, antibody-containing antiserum is isolated 

20 from the immimized animal and is screened for the presence of antibodies with the 
desired specificity using one of the above-described procedures. The invention 
further provides the above-described antibodies in detectably labeled form. 
Antibodies can be detectably labeled through the use of radioisotopes, affinity labels 
(such as biotin, avidin, and the like), enzymatic labels (such as horseradish 

25 peroxidase, alkaline phosphatase, and the like) fluorescent labels (such as FITC or 
rhodamine, and the like), paramagnetic atoms, and the like. Procedures for 
accomplishing such labeling are well-known in the art; for example, see Stemberger, 
L. A. et aL, J. Histochem. Cytochem. 75:315. 1970; Bayer, E. A. et al., Meth. Enzym. 
(52:308 (1979); Engval, E. et al., Immunol. 109:129. 1972; and Coding, J. W. J. 

30 Immunol. Meth, 73:215. (1976). 
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The labeled antibodies of the present invention can be used for in vitro, 
in VIVO, and in situ assays to identify cells or tissues in which a fragment of the 
polypeptide of interest is expressed. The antibodies may also be used directly in 
therapies or other diagnostics. The present invention further provides the above- 
5 described antibodies immobilized on a solid support. Examples of such solid supports 
include plastics such as polycarbonate, complex carbohydrates such as agarose and 
sepharose, and acrylic resins such as polyacrylamide and latex beads. Techniques for 
coupling antibodies to such solid supports are well known in the art (Weir, D, M. et 
al., "Handbook of Experimental Immunology" 4th Ed., Blackwell Scientific 
10 Publications, Oxford, England, Chapter 10 (1986); Jacoby, W. D. et al., Meth. Enzym. 
34 Academic Press, N.Y. (1974)). The immobilized antibodies of the present 
invention can be used for in vitro, in vivo, and in situ assays as well as for immuno- 
affinity purification of the proteins of the present invention. 

Computer-Readable Sequences 

15 In one application of this embodiment, a nucleotide sequence of the 

present invention can be recorded on computer-readable media. As used herein, 
"computer-readable media" refers to any medium which can be read and accessed 
directly by a computer. Such media include, but are not limited to, magnetic storage 
media, such as floppy discs, hard disc storage medixmi, and magnetic tape; optical 

20 storage media such as CD-ROM; electrical storage media such as RAM and ROM; 
and hybrids of these categories such as magnetic/optical storage media. A skilled 
artisan can readily appreciate how any of the presently known computer-readable 
media can be used to create a manufacture comprising computer-readable medium 
having recorded thereon a nucleotide sequence of the present invention. As used 

25 herein, "recorded" refers to a process for storing information on computer-readable 
medixmi. A skilled artisan can readily adopt any of the presently known methods for 
recording information on a computer-readable medium to generate manufactures 
comprising the nucleotide sequence information of the present invention. 

A variety of data storage stmctures are available to a skilled artisan for 

30 creating a computer-readable medium having recorded thereon a nucleotide sequence 
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of the present invention. The choice of the data storage structure will generally be 
based on the means chosen to access the stored information, hi addition, a variety of 
data processor programs and formats can be used to store the nucleotide sequence 
information of the present invention on computer readable medium. The sequence 
5 information can be represented in a word processing text file, formatted in 
commercially-available software such as WordPerfect and Microsoft Word, or 
represented in the form of an ASCII file, stored m a database apphcation, such as 
DB2, Sybase, Oracle, or the like. A skilled artisan can readily adapt any number of 
data processor structuring formats (e.g., text file or database) in order to obtain 

10 computer readable mediimi having recorded thereon the nucleotide sequence 
infomiation of the present invention. By providing the nucleotide sequence of SEQ 
ID NO: 1-30, 45, 47, 49 and 51 or a representative fi-agment thereof, or a nucleotide 
sequence at least 99.9% identical to SEQ ID NO: 1-30, 45, 47, 49 and 51 in computer- 
readable form, a skilled artisan can routinely access the sequence information for a 

15 variety of purposes. Computer software is pubhcly available which allows a skilled 
artisan to access sequence information provided in a computer-readable medium. The 
examples which follow demonstrate how software which implements the BLAST 
(Altschul et al., J. Mol Biol 2i5:403-410. 1990) and BLAZE (Brutlag et al., Comp. 
Chem. 77:203-207 (1993)) search algorithms on a Sybase system is used to identify 

20 open reading frames (ORFs) within a nucleic acid sequence. Such ORFs may be 
protein-encoding fragments and may be useful in producing commercially important 
proteins such as enzymes used in fermentation reactions and in the production of 
commercially useful metabolites. 

As used herein, "a computer-based system" refers to the hardware 

25 means, software means, and data storage means used to analyze the nucleotide 
sequence information of the present invention. The minimum hardware means of the 
computer-based systems of the present invention comprises a central processing unit 
(CPU), input means, output means, and data storage means. A skilled artisan can 
readily appreciate that any one of the currently available computer-based systems are 

30 suitable for use in the invention. As stated above, the computer-based systems of the 
present invention comprise a data storage means having stored therein a nucleotide 
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sequence of the present invention and the necessary hardware means and software 
means for supporting and implementing a search means. As used herein, "data 
storage means" refers to memory which can store nucleotide sequence information of 
the present invention, or a memory access means which can access manufactures 
5 having recorded thereon the nucleotide sequence information of the present invention. 

As used herein, "search means" refers to one or more programs which 
are implemented on the computer-based system to compare a target sequence or target 
structural motif with the sequence information stored within the data storage means. 
Search means are used to identify fragments or regions of a known sequence which 

10 match a particular target sequence or target motif A variety of known algorithms are 
disclosed publicly and a variety of commercially available software for conducting 
search means are and can be used in the computer-based systems of the present 
invention. Examples of such software includes, but is not limited to, MacPattem 
(EMBL), BLASTN and BLASTA (NPOLYPEPTIDEIA). A skilled artisan can readily 

15 recognize that any one of the available algorithms or implementing software packages 
for conducting homology searches can be adapted for use in the present computer- 
based systems. As used herein, a "target sequence" can be any nucleic acid or amino 
acid sequence of six or more nucleotides or two or more amino acids. A skilled 
artisan can readily recognize that the longer a target sequence is, the less likely a 

20 target sequence will be present as a random occurrence in the database. The most 
preferred sequence length of a target sequence is from about 10 to 100 amino acids or 
from about 30 to 300 nucleotide residues. However, it is well recognized that 
searches for commercially important fragments, such as sequence fragments involved 
in gene expression and protein processing, may be of shorter length. 

25 As used herein, "a target stmctural motif," or "target motif," refers to 

any rationally selected sequence or combination of sequences in which the 
sequence(s) are chosen based on a three-dimensional configuration which is formed 
upon the folding of the target motif There are a variety of target motifs known in the 
art. Protein target motifs include, but are not limited to, enzyme active sites and 

30 signal sequences. Nucleic acid target motifs include, but are not limited to, promoter 
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sequences, hairpin structures and inducible expression elements (protein binding 
sequences). 

Diagnostic Assays and Kits 

The present invention further provides diagnostic assays, and related 
5 kits, for hyper- and/or hypo-proliferative disorders or diseases of endothelial cells 
such as LECs or BECs. These assays comprise methods to identify the presence or 
expression of one of the ORFs of the present invention, or homolog thereof, in a test 
sample, using a nucleic acid probe or an antibody according to the invention. 

In general, methods for detecting a polynucleotide of the invention can 
10 comprise contacting a sample with a compound that binds to and forms a complex 
with, the polynucleotide for a period sufficient to form the complex, and detecting the 
complex, so that if a complex is detected, a polynucleotide of the invention is detected 
in the sample. 

Such methods can also comprise contacting a sample under stringent 
15 hybridization conditions with nucleic acid primers that anneal to a polynucleotide of 
the invention xmder such conditions, and amplifying annealed polynucleotides, so that 
if a polynucleotide is amplified, a polynucleotide of the invention is detected in the 
sample. 

In general, methods for detecting a polypeptide of the invention can 
20 comprise contacting a sample with a compound that binds to and forms a complex 
with the polypeptide for a period sufficient to form the complex, and detecting the 
complex, so that if a complex is detected, a polypeptide of the invention is detected in 
the sample. In detail, such methods comprise incubating a test sample with one or 
more of the antibodies or one or more of the nucleic acid probes of the invention and 
25 assaying for binding of the nucleic acid probes or antibodies to components within the 
test sample. 

Conditions for incubating a nucleic acid probe or antibody with a test 
sample vary. Incubation conditions depend on the format employed in the assay, the 
detection methods employed, and the type and nature of the nucleic acid probe or 
30 antibody used in the assay. One skilled in the art will recognize that any one of the 
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conunonly available hybridization, amplification or immunological assay formats can 
readily be adapted to employ the nucleic acid probes or antibodies of the present 
invention. Examples of such assays can be fovmd in Chard, T., An Introduction to 
Radioimmunoassay and Related Techniques, Elsevier Science Publishers, Amsterdam, 
5 The Netherlands (1986); Bullock, G R. et al.. Techniques in Immunocytochemistry, 
Academic Press, Orlando, Fla. Vol, 1 (1982), Vol. 2 (1983), Vol. 3 (1985); Tijssen, P., 
Practice and Theory of immimoassays: Laboratory Techniques in Biochemistry and 
Molecular Biology, Elsevier Science Publishers, Amsterdam, The Netherlands (1985). 
The test samples of the present invention include cells, protein or membrane extracts 

10 of cells, or biological fluids such as sputum, blood, serum, plasma, or urine. The test 
sample used in the above-described method will vary based on the assay format, 
nature of the detection method and the tissues, and cells or extracts used as the sample 
to be assayed. Methods for preparing protein extracts or membrane extracts of cells 
are well known in the art and can be readily be adapted in order to obtain a sample 

15 which is compatible with the system utilized. 

In another embodiment of the present invention, kits are provided 
which contain the necessary reagents to cany out the assays of the present invention. 
In one embodiment, the invention provides a compartment kit to receive, in close 
confinement, one or more containers which comprises: (a) a first container comprising 

20 one of the probes or antibodies of the present invention; and (b) one or more other 
containers comprising one or more of the following: wash reagents, reagents capable 
of detecting presence of a bound probe or antibody 

In detail, a compartment kit includes any kit in which reagents are 
contained in separate containers. Such containers include small glass containers, 

25 plastic containers or strips of plastic or paper. Such containers allows one to 
eflSciently transfer reagents fi-om one compartment to another compartment such that 
the samples and reagents are not cross-contaminated, and the agents or solutions of 
each container can be added in a quantitative fashion fi-om one compartment to 
another. Such containers will include a container which will accept the test sample, a 

30 container which contains the antibody or antibodies used in the assay, containers 
which contain wash reagents (such as phosphate-buffered saline, Tris buffers, and the 
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like), and containers which contain the reagents used to detect the bound antibody or 
probe. Types of detection reagents include labeled nucleic acid probes, labeled 
secondary antibodies, or in the alternative, if the primary antibody is labeled, the 
enzymatic, or antibody binding reagents which are capable of reacting with the 
5 labeled antibody One skilled in the art will readily recognize that the disclosed 
probes and antibodies of the present invention can be readily incorporated into one of 
the established kit formats which are well known in the art. 

EXAMPLES 
Methods used in the examples are as follows: 

10 Antibodies 

Monoclonal antibodies against human VEGFR-3 (clone 2E11D11; see 
International Patent Application No. PCT/US02/22164, pubhshed as WO 03/006104), 
PAL-E (Monosan), CD31 (Dako), N-cadherin, VE-cadherin, B-catenin and 
plakoglobin and polyclonal rabbit anti-human podoplanin were used (Breiteneder- 
15 Geleff, S., et al.. Am. J, Pathol 75^:385-394 (1999)): Mouse anti-human integrin a9 
was provided by Dr. Dean Sheppard (University of California at San Francisco, San 
Francisco) and Dr. Curzio Riiegg (University of Lausanne Medical School, Lausaime, 
Switzerland). The fluorochrome-conjugated secondary antibodies were obtained from 
Jackson Immunoresearch. 

20 Cell Culture and Transfection 

Human amniotic epithelial cells were cultured in Medl99 medium in 
the presence of 5% fetal calf serum. Human dermal microvascular endothelial cells 
were obtained from PromoCell (Heidelberg, Germany). Anti-Podoplanin antibodies, 
MACS colloidal super-paramagnetic MicroBeads conjugated to goat anti-rabbit IgG 

25 antibodies (Miltenyi Biotech, Bergisch Gladbach, Germany), LD and MS separation 
columns and Midi/MiniMACS separators (Miltenyi Biotech) were used for cell 
sorting according to the instmctions of the manufacturer. The isolated cells were 
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cultured on fibronectin-coated (10 Mg/ml, Sigma, St. Louis, MO) plates as described 
(Makinen, T, et al., EMBO J. 20-A162'A113. 2001). 

RNA isolation. Northern blotting and microarrav analyses 

Total RNA was isolated and DNAsel treated in RNeasy columns 
5 (Qiagen, Valencia, CA). ^^P-labeled probes for hybridization with the Atlas filters 
(Clontech) were prepared using 2-5 \i% of total RNA according to the manufacturer's 
instructions with the exception that the probe was purified using Nick-25 columns 
(Pharmacia Biotech, Uppsala, Sweden). Following hybridizations and washes, the 
membranes were analyzed using a Fuji BAS 100 phosphoimager. For the 
10 AflFymetrix® analysis, four independent BEC and LEG sample preparations and 
hybridizations were carried out using RNA extracted from four lots of cells isolated 
from different individuals. For the Affymetrix® expression analysis, 5 [xg of total 
RNA was used for the synthesis of double-stranded cDNA using Custom Superscript 
ds-cDNA Synthesis Kit (Invitrogen, Carlsbad, CA). Biotin-labeled cRNA was then 

15 prepared using the Enzo BioArrayTMHighYieldTMRNA Transcript Labelling Kit 
(Ailymetrix, Santa Clara, CA), and the unincorporated nucleotides were removed 
using RNeasy colunms (Qiagen, Valencia, CA). The hybridization, washing and 
staining of Hirnian Genome 95Av2 microarrays (for Prox-1 experiments) and 9513-E 
microarrays, which mainly contain uncharacterized EST sequences, were done 

20 according to the instructions of the manufacturer (Affymetrix, GeneChip Expression 
Analysis Technical Manual). The probe arrays were scanned at 570 nm using an 
Agilent GeneArray® Scanner and the readings from the quantitative scanning were 
analyzed by the Affymetrix® Microarray Suite version 5.0 and Data Mining Tool 
version 3.0. For the comparison analyses, the hybridization intensities were 

25 calculated using a global scaling intensity of 100. 

The differentially expressed sequences were used for searching EST 
contigs in the GenBank database of the National Center for Biotechnology 
hiformation and the National Library of Medicine. (NCBI/NLM), and open reading 
frames were predicted using the orf finder software available at NCBI/NLM. The 

30 SOSUI system was used for prediction of transmembrane helices and signal 



61 



wo 03/080640 



PCT/US03/06900 



sequences from the protein sequences, and other protein domain architectures were 
analysed using Pfam (Protein families database of alignments and HMMs). 

Immimofluorescence and Immunohistochemistrv 

The cells were cultured on coverslips, fixed with 4% 
5 paraformaldehyde, permeabilized with 0.1% Triton-XlOO in phosphate-buffered 
saline (PBS) and stained with the primary antibodies. For integrin a9, staining live 
cells were incubated with the antibody for 15 minutes on ice before fixation. The 
cells were further stained with FITC- or TRITC-conjugated secondary antibodies. F- 
actin was stained using TexasRed-conjugated phalloidin (Molecular Probes, Eugene, 
10 OR). Cells were counterstained with Hoechst 33258 fluorochrome (Sigma) and 
viewed using a Zeiss Axioplan 2 fluorescent microscope. 

Normal himian skin obtained after surgical removal was embedded in 
Tissue-Tek® (Sakura, The Netherlands), frozen and sectioned. The sections (6 ^im) 
were fixed in cold acetone for 10 minutes and stained with the primary antibodies 
15 followed by peroxidase staining using Vectastain Elite ABC kit (Vector Laboratories, 
Burlingame, CA) and 3-amino-9-ethyl carbazole (Sigma, St. Louis, MO). 

EXAMPLE 1 

Identification of differentially expressed genes 

Blood vascular and lymphatic endothelial cells (BEC and LEC, 
20 respectively) were isolated from cultures of human dermal microvascular endothelial 
cells using magnetic microbeads and antibodies against the lymphatic endothelial cell 
surface marker podoplanin (Breiteneder-Geleff, S., et al.. Am. J, Pathol 75^:385-394 
(1999); Makinen, T., et al., EMBO J. 20:4762-4773 (2001)). The purities of the 
isolated BEC and LEC populations were confirmed to be over 99% as assessed by 
25 immunofluorescence using antibodies against VEGFR-3 or podoplanin. The isolated 
cells were cultured for a couple of passages, and RNA was extracted from the cultures 
and used for hybridization with oligonucleotide microarrays containing sequences 
from about 12,000 known genes, i.e., approximately 1/3 of the total number of all 
predicted human transcripts. 
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As expected, podoplanin, desmoplakin VTl and the macrophage 
mannose receptor, which are known lymphatic endothelial cell markers, were found 
specifically in the LECs. See, Breiteneder-GelefF, S., et al., Am. J, Pathol J54:3S5- 
394 (1999); Ebata, N., et al., Microvasc. Res. (57:40-48. (2001); and Irjala, H., et al., J. 
5 Exp. Med. 79^:1033-1041 (2001). Since these results were consistent with the known 
gene expression patterns in vivo and in vitro^ further characterization of the gene 
expression profiles was carried out. When a reproducible signal log2 ratio of 1.0 
(twofold difference) was selected in the replicate analyses, over 400 genes were found 
to be differentially expressed between LECs and BECs. Some examples of the 

10 diflferentially expressed genes have been functionally annotated in Table 1 and a 
complete list of the differentially expressed genes is provided in Tables 2-4. A 
complete list of differentially expressed genes containing the GenBank accession 
numbers and the variation between the expression levels between independently 
harvested BECs and LECs (signal log2 ratio ±s.d.) are provided in Tables 3 and 4. 

15 The microarray data were validated by Northern blotting or by immunofluorescence 
for 31 of the selected genes (see Figure 1). 

Each gene listed in Tables 3 and 4 is identified by a gene accession 
mmiber which correlates to the sequence of the gene as found in a public genome 
database such as the GenBank database maintained by NCBL These sequences are 

20 incorporated herein by reference. 



Table 1 

Selected classes of genes differentially expressed in BECs and 

LECs. 



Blood vascular EC Lymphatic EC 

Adhesion molecules integrin alphaS integrin alpha9* 

integrin B5, B4* integrin aiphal 

ICAM-1*, ICAM-2 macrophage mannose receptor I* 

N-cadherin* 

selectin P, selectin E* 
protocadherin 42* 
CD44* 
EphrinBl* 
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Blood vascular EC 



Lymphatic EC 



Cytoskeletal proteins 



ECM proteins 



ECM modulation 



Receptor tyrosine 
kinases 

and other protein 
kinases 

Transcription factors 



Growth factors 

Cytokines, chemokines 
and receptors 



Cell cycle 



vinculin 

claudin 7* 
actin, alpha 2 
profilin 2 

coUagens 8A1*, 6A1*, 4A2/13A1*, 

1A2* 

laminin* 

versican* 

proteoglycan 1 

MMP-1, MMP-10, MMP-14* 
uPA*, tPA* 
cathepsin C 

VEGFR-1 (sVEGFR-1*) 



STAT6* 

TFEC* 

MAD-3* 

HMGI-C* 

JUN* 

GATA2 

VEGF-C* 

Placenta growth factor 

IL-8*, IL-6* 
stem cell factor* 

Monocyte chemotactic protein 1 

UFO/axl* 

CXCR4 

CCRL2/CKRX* 
IL-4 receptor 

p27* 

p21 

gadd4S 



desmoplakln I and n* 
adducin gamma 

alpha-actinin-2 associated LIM 
protein * 

Matrix Gla protein* 



TIMP-3 



VEGFR-3* 

Lyn 

Dyrk3 

prox-1* 

MEF2C* 
c-maP 

forkhead box Ml 

CREM 

ear-3 

Angiopoietin-2 

IL-7* 
SDF-lb* 



Oxidative stress 



thioredoxin reductase beta* 



Cdk-inhibitor p57KIP2* 
cyclin-dependent kinase inhibitor 3, 
CIP2 

cyclin E2* 
cyclinBl,B2* 

selenoprotein P* 
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Blood vascular EC 



Lymphatic EC 



Other 



Neuropilin-1 
HNMP-1* 

endothelial cell protein C/APC 
receptor 

Rnase A, pancreatic* 

TGF-6 

LTBP-2 

metallothionein I, II, in 
Cyclooxygenase 2* 
clusterin/Apolipoprotein J 
neuronal pentraxin I* 



podoplanin'^ 

MRCOX2 
Apolipoprotein D 

Semaphorin 3A* 

fatty acid binding protein 4 

LITAF/Pig?* 

IGFBP-2* 

piccolo* 

monoamine oxidase A 
neuronal pentraxin 11* 



Total 



222 genes 



187 genes 



Genes shown in bold were confirmed by Northern blotting or immunofluorescence, and those 
marked with an asterisk (*) were specifically expressed in only one of the two cell lineages. 
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Table! 
Known LEC-specific genes 



Gene 



Accession numbers 
Detection * starting EST possible gene 



Af(S/3,2) 
Af(S/2,6) 



Af(NS/2,6) R61374 



CD36 Af(S/4,3) 

=COLl/TSP receptor, fatty-acid transport 
protein 

betal-syntrophin Af (S/4,5) 

coUectin sub-family member 12 Af (S/4,5) 
a disintegrin and metalloprotease Af (S/4,3) 
domain 12 

cytotoxic T-lymphocyte- Af (S/4,0) 

associated protein 4 

niban protein NM_022083 niban Af (S/3,7) 
protein 

multi-PDZ-domain-containing 
protein, LNX 
MAGE-El protein 
upstream stimulatory factor 1, 
USFl (genomic match) 
hairy/enhancer-of-split related 
with YRPW motif 1 
alpha-2,8-polysialyltransferase 
semaphorin 6A1 
guanine nucleotide binding 
protein (G prot), gamma 2 
integral membrane protein 3 
similar to mouse glucocorticoid- 
induced gene 1 

YAP65 (Yes-associated protein of Af (NS/2,0) 
65 kDaMW) 
17 kDa fetal brain protein 
Kruppel-like factor 5 
calcitonin receptor-like, CORP 
type 1 receptor 
fibroblast growth factor 13, 
isoform lA 
tetraspan NET-6 protein 
ring finger protein 11 



R20784 
H54254 

AA447177 

R74387 

AA147933 

AI733018 

AA554814 



Af(S/3,5) AI738919 



AI435112 
AA701033 



Af(S/2,5) 
Af(S/2,4) 
Af(S/2,3) 

Af(S/2,3) 
Af(S/2,0) 



Af(NS/l,9) 
Af(S/l,8) 
Af(S/l,7) 

Af(NS/l,7) 

Af(NS/l,6) 
Af(S/l,6) 



AI422986 

W21965 

AA738022 

AA128019 
AI678080 

AL048399 

H92988 
AI8 15057 
AI741128, 
T94540 
AW014749 

W22687 
AL079648 



M98399 

L31529 
NM_030781 

1SIM_003474 

NM_005214 

NM_052966 

NM_032622 
NM_030801 

AB017568 

NM_012258 
L41680 
NM_020796 

NM_030926 

XM_070471 

X80507 

NM_022343 

NM_001730 

NM_005795, L76380 

NM_004114 

NM_014399 
BC020964 



* Af=Affymetrix, S=specific for LEG, NS^onspecific (also expressed in BEC), numbers represent 
logz ratio of the signal intensities between BEC and LEG 
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EXAMPLE 2 

BEC-SPECIFIC EXPRESSION OF GENES INVOLVED IN INFLAMMATION 

Endothelial cells play an important role in several steps of the 
inflammatory response. They recruit leukocytes to inflammatory foci and specialized 
5 endothelial cells (high endothelial venules) are responsible for the homing of 
lymphocytes to the secondary lymphoid organs. In addition, endothelial cells 
modulate leukocyte activation and vice versa, and they can become activated by 
molecules secreted by the leukocytes. Consistent with their activation in cell culture, 
the BECs expressed high levels of pro-inflammatory cytokines and chemokines (stem 

10 cell factor, interleukin-8, monocyte chemotactic protein 1 (MCP-1)) and receptors 
(UFO/axl, CXCR4, IL-4R) see Table 1. CXCR4 and its ligand, stromal cell-derived 
factor- 1 (SDF-1), play important roles in the trafficking of normal lymphocytes, 
monocytes, and hematopoietic stem- and progenitor cell; targeted inactivation of 
either CXCR4 or SDF-1 results in impaired cardiogenesis, hematopoiesis and 

15 vascular development (Tachibana, et aL, Nature 595:591-594. 1998). SDF-lb was 
mainly produced by the LECs, suggesting that this chemokine may be involved in 
LEC-initiated chemotaxis of the CXCR4-expressing cells. Moreover, the reciprocal 
pattern of expression of CXCR4 and SDF-1 on BECs and LECs suggest that the two 
cell types use these molecules for paracrine communication. 

20 EXAMPLE 3 

Differences in cell adhesion, cell-cell interaction and cytoskeletal 

molecules 

The most striking differences detected between the BECs and LECs 
was the expression of genes involved in cytoskeletal and cell-cell or cell-matrix 
25 interactions (see Tables 3 and 4). For example, N-cadherin, which is involved in the 
interaction of endothelial cells with SMCs and pericytes (Gerhardt, et al, Dev, Dyn. 
218'A12'A19. 2000), was detected specifically in BECs. This is consistent with the 
fact that the lymphatic capillaries are not ensheathed by SMCs. In immunostaining, 
N-cadherin was detected exclusively in the BECs, whereas VE-cadherin was present 
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in both cell types (Figure 2a-d). The cytoplasmic domains of cadherins interact with 
6-catenin, plakoglobin (y-catenin) and pUO*"*", which link them to the actin 
cytoskeleton via a-actinin, vinculin, ZO-1, ZO-2 and spectrin (Provost, E. & Rimm, 
Curr Op. Cell Biol 77:567-572. 1999). BECs expressed significantly higher levels of 
5 fi-catenin (Figure 2e,f) and vinculin, whereas plakoglobin was mostly present on 
LECs (Figure 2g,h). Staining of LECs and BECs also revealed a strikingly different 
organization of the actin cytoskeleton. BECs displayed numerous stress fibers, which 
in LECs were almost totally absent, and instead a cortical distribution of actin was 
observed in LECs(Figure 2ij). 

10 Litegrins are important mediators of cell adhesion (Giancotti & 

Ruoslahti, Science 255:1028-1032. 1999). They are transmembrane proteins 
consisting of two polypeptides, the a and B subunits. Their ectodomains bind 
extracellular matrix proteins while the cytoplasmic domains interact with the 
cytoskeleton and with proteins involved in signal transduction. Integrin a5, which 

15 acts as a subimit of the fibronectin receptor, mainly was expressed in BECs. By 
contrast, integrins al and a9, which provide subunits for the receptors for laminin 
and collagen and for osteopontin and tenascin, respectively, were expressed in LECs 
(Figure la and Figure 2hl), In human skin, antibodies against integrin a9 stained 
lymphatic capillaries specifically, while blood vessel endothelia were negative (Figure 

20 2m-d), In addition, integrin a9 was detected in arterial smooth muscle cells as 
previously reported (Palmer, ^/ Cell Biol 725:1289-1297. 1993). Interestingly, 
integrin a9 has been shown to be important for the normal development of the 
lymphatic system. Mice lacking integrin a9Bl develop respiratory failure due to the 
accumulation of a milky pleural (prestunably lymphatic) effusion and die within 6 to 

25 12 days after birth (Huang, et al, Mol Cell Biol 20:5208-521 5. 2000). 

BECs, but not LECs, produced both laminin and different types of 
collagens (Table 4). In co-culture these basement membrane components may be 
necessary for the adhesion and growth of the LECs ^akinen, T., et al, EMBO J. 
20:4762-4773. 2001). In addition, many of the proteins involved in matrix 

30 degradation and remodeling, including several matrix metalloproteinases, tissue-type 
and urokinase plasminogen activator, as well as plasminogen activator inhibitor I were 
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detected mainly in BECs, while the tissue inhibitor of matrix metalloproteinases-3 
(TIMP-3) was detected mainly in LECs (Table 3 and Figure 1). Unlike the other 
TIMPs, which are soluble, TIMP-3 is a component of the extracellular matrix. 
Recombinant TIMP-3 has been reported to inhibit endothelial cell migration and tube 
5 formation in response to angiogenic factors, and when expressed in a tumor model, it 
inhibited tumor growth most likely by preventing tumor expansion, release of growth 
factors from the extracellular matrix, or angiogenesis (Anand-Apte, et aL^ 
Biochemistry & Cell Biology 74:853-862. 1996). 

Additional previously unknown genes were identified in the 
10 microairay as LEC-specific transcription factors or transmembrane proteins. See 
Tables S and 6. 

Table 5 

Transcription Factors Identified 

15 







Accession numbers 


Gene 


Detection * 


starting EST 


possible gene 


Homologous to Iroquois related 








homeobox 2 


Af(S/4,2) 


AA936528 


not cloned from human ( 


similar to mouse odd-skipped 






related 1 zinc-finger TF 


Af(S/3,3) 


AI809953 


(19) 


PAC clone RP4-751H13 from 






7q35-qter 


Af(S/2,3) 


AC004877 




similar to mouse glucocorticoid- 








induced gene 1 


Af(NS/2) 


AI678080 


XM 070471 



* Af=Afifymetrix, S=specific for LEC, NS=nonspecific (also expressed in BEC), numbers 
represent log2 ratio of the signal intensities between BEC and LEC 



Table 6 

20 Transmembrane Proteins Identified 







Accession numbers 


Gene 


Detection * 


starting EST possible gene 


KIAA0626 
KIAA0644 


Af(S/4,7) 
Af(S/3,9) 


ABO 14526 NM_021647 (14) 
AB014544 NM 014817 (15) 
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unknown protein Af(S/3,5) AI333655 XM_059074 (16) 

hypothetical protein FLJ20898 Af(NS/l,8) AI733570 NM_024600 (862) 
similar to layihn, unnamed 

protein product Af (NS/1 ,7) AA447940 AK055654, XM__084655 

hypothetical protein FU23403 Af(NS/3,2) AI681538 NM_^022068 (860) 

KIAA0062 D31887 XM_046677 (47) 

mesenchymal stem cell protein DSCD75 Af (S/1,8) AW009871 NM_016647 (17) 



* Af=Affymetrix, S=specific for LEG, NS=nonspecific (also expressed in BEC), numbers 
represent log2 ratio of the signal intensities between BEC and LEC 



Additionally, Tables 10 and 11 describe the knovm LEC genes 
5 identified and their accession numbers, and the differentially expressed genes and 
their accession numbers, respectively, while Table 12 describes other unknown 
proteins identified in the screen. 

EXAMPLE 4 
Differential Regulation of LEC genes by Prox-1 

10 The mechanisms responsible for the lymphatic differentiation program 

were investigated. The Prox-1 homeobox transcription factor was found to be 
expressed specifically in LECs and targeted disruption of Prox-1 in mice was reported 
to result in the arrest of lymphatic vessel development (Wigle et al. Cell, 98:769-778. 
1999). Despite the fact that the prox-l gene was discovered nearly ten years ago, 

15 Prox-1 target genes have not been identified. To determine whether the homeodomain 
transcription factor Prox-1 contributes to the differentiated LEC and BEC phenotypes, 
the genes identified above were analyzed for expression in primary BECs and LECs, 
in the presence and absence of Prox-1 over-expression. 

Adenovirus-mediated gene transfer of prox-1 in primary endothelial 

20 cells was used to induce gene expression in the BEC cells. In order to eUminate gene 
expression changes caused by adenoviral infection, AdLacZ (encoding 6- 
galactosidase) was introduced into BECs as a control. 

A prox-l cDNA was amplified by RT-PCR using total RNA fi*om 
human endothelial cells and the primers 5'- 
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GCCATCTAGACTACTCATGAAGCAGCT-3' (SEQ ID NO: 61) and 5'- 
GCGCAGAATTCGGCCCTGACCATGACAGCACA-3' (SEQ ID NO: 62). The 
PGR product was cloned into the pAMC expression vector, producing N-terminally 
Myc-tagged Prox-l. The construct was then subcloned into pAdCMV to yield 
5 AdProx-1 for adenovirus production. AdProx-1 and AdLacZ virus stocks were 
produced as described (Laitinen et al. Hum, Gene Ther. 9:1481-1486. 1998). 
Adenovirally produced Prox-1 migrated with a molecular weight of about 85 kDa and 
it was also recognized by antibodies against a Prox-1 C-teraiinal peptide. Mutant 
Prox-1 N625A/R627A, (asparagine to alanine change at codon 625, arginine to 
10 alanine change at codon 627) was made using the QuikChange site-directed 
mutagenesis kit (Stratagene, La JoUa, CA) and the following primers: 

5'-CTCATCAAGTGGTTTAGCGCTTTCCGTAGTTTTACTAC-3' 
(SEQ ID NO: 63) and 

5'-GTAGTAAAACTCACGGAAGCGCTAAACCACTTGATGAG.3. 
15 (SEQ ID NO: 64). 

Human demial microvascular endothelial cells, coronary artery 
endothelial cells (CAECs), saphenous vein endothelial cells (SAVECs), BECs and 
LECs were plated 24 hours before adenoviral infection at a density of 8,000 cells/cm^ 
and infected for 1 houa- in serum-free medium at 50-100 PFU/cell. At the end of the 
20 incubation period the cells were washed and then cultured in complete medium for 
20-24 hours. Total RNA isolation and array hybridization were performed as 
described above. 

Titration experiments showed that infection of himian microvascular 
endothelial cells with AdProx-1 or AdLacZ led to nuclear expression of the 

25 adenovirus-encoded protein in >90% of the cells at 24 hours post-infection. To 
investigate the changes in gene expression induced by Prox-1, human cDNA filter 
arrays were used, which contain about 1,000 genes known to be important for general 
cellular metabolism as wells as genes specifically implicated in the regulation of 
cardiovascular function or hematopoiesis. AdProx-1 up-regulated the expression of 28 

30 LEG genes and down-regulated 63 BEG genes, (see Table 7 below), which was 
confirmed by Northern blotting for 10 of 11 selected genes. When compared with 
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genes differentially expressed in LECs and BECs, 15 genes (i.e., about 30%) 
modulated by Prox-1 were found to be differentially expressed between cultured 
LECs and BECs, suggesting that Prox-1 is a major regulator of lymphatic endothelial 
cell identity. 
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10 



15 



The ability of recombinant Prox-1 expression in BECs (where it is 
normally absent) to modify the transcriptional program of these cells towards the 
lymphatic endothelial cell phenotype was also investigated. The control, AdLacZ, did 
not significantly alter the expression of BEC- or LEC-specific transcripts as 
determined by oligonucleotide microarray analyses. By contrast, AdProx-1 increased 
expression of many LEC-specific mRNAs, such as VEGFR-3, p57Kip2, desmoplakin 
l/U and alpha-actinin-associated LIM protein (see Table 8). Surprisingly, Prox-1 also 
suppressed the expression of about 40 % of genes characteristically expressed in 
BECs, such as the transcription factor STAT6, the UFO/axl receptor tyrosine kinase, 
neuropilin-1 (NRP-1), monocyte chemoattractant protein- 1 (MCP-1) and integrin a5 
(see Table 7 and Table 8). These gene expression results are in agreement with the in 
vivo studies of lymphatic vessels. For example, VEGFR-3 and desmoplakin I/II are 
found in the lymphatic endothelium (Ebata et aL, Microvasc. Res. 61:40-48. 2001; 
Kaipainen et ai, Proc. Natl Acad. Sci. U.S.A. 92: 3566-70. 1995), and the VEGF co- 
receptor NRP-1, which was suppressed by Prox-1 in the BECs, was found to be 
expressed in blood vessels, but not in lymphatic vessels in mouse skin. 



Table 8 

Examples of LEG- and BEC-specific genes regulated by Prox-1 



Adhesion molecules 



Cytoskeletal proteins 



ECM proteins 



ECM proteins 



LEC-specific, up-regulated BEC-specific, down-regulated 

Integrin alpha 5 
ICAM-2 
CD44 
Nr-CAM 
P-selectin 

Desmoplakin I and 11 leupaxin 
alpha-actinin-2 associated LIM 
protein 



versican 
proteoglycan 1 

versican 
proteoglycan 1 



LEC-specific, up-regulated BEC-specific, down-regulated 



ECM modulation 



MMP-14 
uPA 
PAI-I 



77 



wo 03/080640 



PCT/US03/06900 



Receptor tyrosine kinases VEGFR-3 
Transcription factors 



Cytokines, chemokines 
and receptors 

Cell cycle control 



Other 



CREM 
ear-3 



p57Kip2 
cycUn E2 

cholesterol 25 -hydroxylase 
thromboxane A2 receptor 



UFO/axl 
STAT6 



TFEC 

IL-6 

MCP-1 



Neuropilin-l 

endothelial cell protein C 
receptor 



Total 



28 genes 63 genes 

(19% of LEC-specific genes) (38% of BEC-specific genes) 



Genes shown in bold were confirmed by Northern blotting or RT-PCR. 



In order to determine whether the Prox-1 -induced changes in gene 
expression were cell-type specific, changes in gene expression after AdPrpx-1 or 
5 AdLacZ infection were analyzed in additional endothelial cell types, i.e., coronary 
artery endothelial cells (CAECs) and saphenous vein endothelial cells (SAVECs), as 
well as a non-endothelial cell type, i.e., amniotic epithelial cells (AEC). In all of these 
cell types, AdProx-1 strongly up-regulated Cyclins El and E2, Histone H2B, and 
PCNA. However, AdProx-l induced VEGFR-3 expression only in CAECs and 

1 0 SAVECs, and not in AECs. 

These results are consistent with the lack of lymphatic differentiation 
in Prox-1 -deficient embryos. Interestingly, the expression of Prox-1 in primary 
endothelial cells leads to up-regulation of VEGFR-3 receptor tyrosine kinase, which is 
specific for the lymphatic endothelium after midgestation and is essential for proper 

15 lymphatic growth and function (Karkkainen and Petrova, Oncogene 19:5598-5605. 
2000). For example, inactivating mutations of VEGFR-3 in humans and mice lead to 
lymphatic hypoplasia and lymphedema (Jeltsch et aL, Science 276:1423-1425. 1997; 
Karkkainen et al, Nat GeneU, 25:153-159. 2000; Karkkainen et al. Trends MoL Med. 
7:18-22. 2001). The results described above therefore suggest that the up-regulation of 

20 VEGFR-3 expression by Prox-1 is one of the key pathways involved in the 
establishment of lymphatic endothelial cell identity and also suggest that the distinct 
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phenotypes of cells in the adult vascular endothelium are plastic and sensitive to 
transcriptional reprogramming, which is useful in the therapeutic methods of the 
invention aflFecting endothelial cells. 

EXAMPLE 5 

5 EX-VIVO CELL STIMULATION AND GENE THERAPY FOR LYMPHEDEMA WITH ADPROX- 

1 TRANSFECTED CELLS 

The ability of Prox-1 to regulate genes specifically involved in LEC 
development provides a means for treatment of individuals exhibiting a LEC disorder 
or condition resulting from either an increase or decrease in LEC gene expression 
10 levels. Prox-1 upregulation is useful in promoting LEC development as a treatment 
for LEC disorders characterized by an under-developed lymphatic system of a 
condition characterized by a risk of wider-development such as lymphedema. 
Conversely, Prox-1 inhibition is useful in downregulating LEC development as a 
treatment for LEC disorders characterized by an over-developed lymphatic system 
15 such as lymphedema. It is known in the art that ex vivo transfection of cells and 
subsequent transfer of these cells to patients is an effective method to upregulate in 
vivo levels of the specific gene transferred and to provide rehef from a disease 
resulting from under-expression of the gene(s) (Gelse et al.. Arthritis Rheum. 48:430- 
41. 2003; Huard et al. Gene Then 9:1617-26. 2002; Kim et al, MoL Ther. 6:591-600 
2002). 

To develop a therapy for treating irregularities of LEC development, 
endotheUal cells, such as CAECs, SAVECs, LECs or BECs, are isolated from 
individuals experiencing an LEC disorder (e.g. lymphedema) and then placed in an 
appropriate culture medium (see above) to promote the growth and viability of the 
cells. The cells are then transfected as described with the AdProx-l vector as 
described above to initiate LEC differentiation of the non-LECs in vitro and to 
promote growth of the LECs in culture. These transfected cells are then transferred 
into an affected patient in therapeutically effective numbers to promote LEC 
expansion in vivo. In preferred embodiments, the manipulated cells are autologous 
cells. These cells are delivered by one or more administrations typically involving 
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injection. The cells are delivered at a local site of an LEG disease or disorder such as 
lymphedema or systemically. 

Addition of the Prox-1 transfected cells to patients with lymphedema 
provides supplementary LECs that are incorporated into the lymphatic network to 
5 promote lymphatic development and effectuate lymph clearance to relieve the 
symptoms of lymphedema. It is contemplated that a method comprising AdProx-1 
transfection into endothehal cells and adnwnistration of transfected cells is useful in 
the treatment of any disease characterized by an alteration in LEG numbers or activity, 
such as lymphedema, lymphangioma, lymphangiomyeloma, lymphangiomatosis, 
10 lymphangiectasis, lymphosarcoma, and lymphangiosclerosis. Additionally, such 
methods are useful in ameliorating a symptom (e.g., lymph-induced swelling in the 
case of lymphedema) associated with such diseases. 



EXAMPLE 6 
Characterization of LEC-specific Genes 

15 LEC-specific genes were further analyzed using a subtraction library 

between the LEG and BEG genes. To construct the library, total RNA was isolated as 
previously described and 5|ig of total RNA was pre-amplified using a SMART^m pcR 
cDNA synthesis kit (BD Biosciences Glontech). After Rsal-digestion, PGR-Select 
cDNA subtraction was carried out in both directions, resulting in selective 

20 amplification of differentially expressed sequences, and subtracted LEG and BEG 
cDNA libraries were prepared (BD Biosciences Glontech). Subtractive hybridization 
was performed with a 1 (tester): 30 (driver) ratio in both directions and subtracted 
cDNA pools were amplified by PGR. Forty ng of the purified PGR-amplified product 
were cloned into the pAtlas vector (PUG-based vector) for the construction of 

25 subtracted libraries, although a number of other vectors could be used in the 
construction, as would be known in the art. 

Differential screening of the subtracted LEG-specific library was 
carried out as described in the PGR-Select Differential Screening Kit User Manual 
(BD Biosciences Glontech). The LEG-specific subtracted library was plated and 

30 individual bacterial clones were picked and grown. After DNA extraction, the inserts 
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were amplified by PGR and used for sequencing. An aliquot of each PCR-amplified 
insert was also arrayed onto a nylon membrane and used for hybridization with ^^P- 
labeled cDNA probes. The results from the hybridizations with subtracted LEC- 
specific (tester) and subtracted BEC-specific (driver) cDNA probes were used for the 
5 differential expression analyses. 

BLAST (The Basic Local AUgnment Search Tool) was used to 
compare the sequences against nucleotide, protein and EST sequence databases. For 
unknown sequences, EST contigs were searched and open reading frames were 
predicted using ORE finder. Protein domain architectures were analyzed using Pfam 

10 (Protein families database of alignments and HMMs) and Smart (Simple Modular 
Architecture Research Tool). 

The nucleotide sequences of clones that were differentially expressed 
in LECs versus BECs were analyzed in the manner described above. Several of the 
EST or unknown gene fragments detected in the first screen have been investigated 

15 further to determine their sequence similarities to known gene sequences and to 
identify any open reading fi:ames and functional domain similarities. The results are 
collected in Table 9. 
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Table 9 







Humsin Genoxne 


KXAA Designation # 


Expected Gene 




T?C!T 


Accession # 


and (SKQ 


ID NO) 


Function 


a.IICI (ibiLU ±lJ rlU ) 












IjJCj V VJ VJ X U L/ VJ U X x\VJ o 




wjyi 0.^ 1647 


KIAA0626 




Ig domain motif. 


{hayj XL) NU: 61; 






SEQ ID NO: 


14 


likely cell adhes 












fianction 


IjCiUUUUXUUUoU AUl 


ABU14344 


NM_014817 


KIAA0644 




Leucine rich moti: 


( oi:«y J.JJ NU : 3 7; 






SEQ ID NO: 


15 


cell adhesion 


LE0000100055 H05 










activity 






AM__ODy 074 


no KIAA, 




Leucine rich 








designated 


hLyrp 


repeats, cell 








SEQ ID NO: 


16 


adhesion protein 




A16ol538 


. NM_016647 


SEQ ID NO: 


17 


Similar to 












mesenchymal stem 












cell protein 




2k a A^ *? Oil r> 

AA^b^ /l74 0 


AM_Oo4o55 


SEQ ID NO: 


45 


similar to layili 












likely cell adhes 












function 


T.T7nf4ni nnm *? rrio 

J-ii^U u u ± U UU X / 




D3 loo7 






Zinc transporter 


(SEQ ID NO: 55) 


7 




SEO ID NO- 


47 


motif, metal ion 












transport 


J-ibjUUUUlUULf^^ JblU 


"Vim A /! ^ 1 

Ari_04 767 


XM__047572 


KIAA1673 




RNA- binding regio 


Li£i 0000100054 r Oi? 


2 




SEQ ID NO: 


26 


similar to RNA 


LE0000100056_F07 










binding protein 


SEQ ID NOs: 












LE0000100053_A06 


AI761647 


NM_015147 


KIAA0582 






SEQ ID NO: 56 






SEQ ID NO: 


49 




IiE0000100055_G10 


D14657 


NM_014736 


KIAAOlOl 






LE0000100046_C12 






SEQ ID NO: 


51 
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ID NOS: 57-58 

Several of the LEC-specific genes have been found to correspond to 
KIAA gene sequences, which are large nucleotide EST clones encoding unknown 
5 human proteins. (Kazusa DNA Research Institute, 1532-3, Yana Kisarazu, Chiba, 
292-0812, Japan). These LEC-specific genes were further analyzed in several 
available databases to determine the existence of species homologs and the percent 
similarity in these homologs and also to reveal amino acid sequences that demonstrate 
similarity to conserved protein domains. 

10 Analyses of the LEG clone sequences was performed using the 

HomoloGene database maintained by the U.S. National Center for Biotechnology 
Information offered by the National Institutes of Health to determine species 
homologs and orthologs and their percent similarity to the newly isolated himian 
LEC-specific genes. Analyses of the sequences was performed using a resource of 

15 curated and calculated homologs for genes as represented by UniGene or by 
annotation of genomic sequences, generally comparing EST and mRNA sequences 
fi-om UniGene, as well as transcripts extracted firom annotated genomic sequences. 
(Zhang, et al, J. Comp, Biol. 7:203-14. 2000). The best match for a nucleotide 
sequence in one organism to a nucleotide sequence in a second organism is based on 

20 the degree of similarity between the two sequences, with a minimxmi alignment of 100 
base pairs. The similarity between the two sequences was determined by an 
alignment score. The alignment score for a sequence pair is the sum of the similarity 
scores of the sections of the two sequences that aligned. 

HomoloGene analyses indicate that human LEC genes corresponding 

25 to KIAA0626, KIAA0644, and KIAA0062, are homologous to EST and unknown 
gene sequences in mouse (all), rat (KIAA0052, KIAA0644), cow (KIAA0062), pig 
(KIAA0626, KIAA0644) and Xenopus (KIAA0644). The clones showed 
approximately 80% (± 3%) similarity to the genes identified as homologs by 
HomoloGene, with KJAA0644 demonstrating as high as 86% homology to pig EST 

30 sequence BE233028.1 and as lowas 72% similarity to an X. laevis gene. 
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Analyses of the LEC genes using Pfam comparison revealed that 
nucleotide sequences corresponding to KIAA0626 (SEQ ID NO: 14), KIAA0644 
(SEQ ID NO: 15), hLyrp (SEQ ID NO: 16), XM_084655 (SEQ ID NO: 45) and 
KIAA0062 (SEQ ID NO: 47), showed nucleotide sequence motifs characteristic of 
5 encoded transmembrane domains, indicating that the corresponding polypeptides 
(whose ammo acid sequences are set out in SEQ ID NOS: 31, 32, 33, 46 and 48, 
respectively) are expressed on the cell surface. KIAA1673, KIAA0582 and 
KIAAOlOl do not demonstrate an apparent transmembrane domain and are expected 
to be cytoplasmic or nuclear proteins. Tissue expression assayed by Northern blot 
10 reveals that KIAAOlOl is detectable in kidney, thymus, colon and small intestine 
while KIAA0582 is expressed strongly in heart, skeletal muscle, and ovary, less in 
kidney and placenta, and more weakly in brain, lung, thymus, small intestine and 
prostate. 

Northern blot analysis of the KIAA0626 transcript indicates that 
1 5 KIAA0626 is expressed specifically in LEC and is found in heart, skeletal muscle and 
kidney. In situ analysis demonstrates KIAA0626 expression in mouse embryonic day 
11 (Ell) embryos in the intersomitic tissue and pericytes surrounding the blood 
vessels, and in the yolk sac vessels, endothelial cells and in the surrounding pericytes. 
The polynucleotide sequence of KIAA0626 (SEQ ID NO: 14) encodes a 409 amino 

20 acid (409 aa) protein (SEQ ID NO: 31) possessing a signal sequence (at amino acids 
1-29), an Ig superfamily domain (approximately aa 61-127), a short transmembrane 
region ( about aa 153-175) and a long 234-amino-acid cytoplasmic domain from 
about amino acids 176-409. The presence of an Ig domain is expected to assist in 
binding of the protein to its ligand while the long cytoplasmic domain indicates that 

25 KIAA0626 may be involved in intracellular signaling in LECs. 

KIAA0644 (SEQ ID NO: 15) is detected by Northern blot analysis 
primarily in heart and brain tissue. In situ assay of ElO mouse embryos shows 
KIAA0644 expression throughout the embryo. The KIAA0644 polynucleotide 
encodes a 811-amino-acid polypeptide (SEQ ID NO: 32) demonstrating a total of 13 

30 leucine rich regions, Leucine-rich regions comprise a short sequence motif of 
approximately 20-28 amino acids which are present in proteins ftmctioning as cell- 
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adhesion and receptor molecules. Leucine-rich regions, designated below as LRRNT 
and LRRCT are often flanked by cysteine-rich domains. The K1AA0644 protein 
contains a leucine-rich N-terminal region (LRRNT: aa 26-54), 1 1 internal leucine-rich 
regions (LRRl: aa84-107, LRR2: aal08-131, LRR3: aal32-155, LRR4: aal56-179, 
5 LRR5: aal80-203, LRR6: aa204-223, LRR7: aa230-253, LRR8: aa254-277, LRR9: 
aa278-301, LRRIO: aa302-325, and LRRll: aa326-349) and a C-terminal leucine-rich 
region (LRRCT) from about amino acids 359-404. The KL\A0644 transmembrane 
domain spans approximately amino acids 696-718, leaving a cytoplasmic domain of 
about 95 amino acids, from aa719-8U. The leucine-rich regions of the KIAA0644 
10 gene implicate it in protein-protein interactions characteristic of cell-adhesion or 
ligand binding. 

The hLyrp (SEQ ID NO: 16) mRNA is detectable in skeletal muscle 
tissue and is localized by in situ hybridization to the lymphatic vessels when 
compared to Prox-1 staining in Ell and yolk sac of mouse embryos. Similar to 

15 iaAA0644, the hLyrp protein (SEQ ID NO: 33) contains a series of leucine-rich 
regions beginning at the leucine-rich N-terminal region (LRRNT: aa27-55) extrading 
through 5 internal leucine -rich regions (LRRl: aa57-80, LRR2: aa81-104, LRR3: 
aal05-128, LRR4: aal29-153, LRR5: aal54-176) and ending with a C-terminal 
leucine-rich region (LRRCT) from approximately aal 86-240. The hLyrp polypeptide 

20 also contains a transmembrane domain from amino acids 249-272, leaving a short 
cytoplasmic domain of 22 amino acids. The presence of several consecutive leucine- 
rich regions in the hLyrp polypeptide indicates that the polypeptide ftmctions as a 
cell-adhesion molecule and/or a cell sin-face receptor. 

Several additional sequences shown in Table 3 were isolated with frill- 

25 length mRNA sequences which are expressed specifically in LECs. Domain 
prediction of these sequences indicates that KIAA0711 (SEQ ID NO: 81 and 82) 
contains a BPB/POZ domain spanning approximately amino acids 171-269, this 
domain is expected to fiinction in protein-protein interactions. POZ domains appear 
in transcriptional co-factors such as zinc-finger proteins that mediate transcriptional 

30 repression and interact with components of histone deacetylase complexes. 
KIAA0711 also has three Kelch repeats, spanning amino acids 386-437, 439-480, and 
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484-525, and Kelch motifs have been implicated in the fomiation of beta sheet 
structures. Additionally, KIAA0711 mRNAis expressed in a variety of tissues. From 
highest expression levels to lowest, KIAA0711 mRNA is found in brain and kidney; 
liver; spleen; lung; ovary, pancreas and heart; smooth muscle and testis. Because this 
5 expression pattern was obtained from a single run of RT-PCR ELISA, the expression 
profile has a chance to include significant run-to- run variations- Accordingly, the 
expression profiles are most suitable for screening genes for tissue-specific expression 
on a qualitative level. If more accurate quantitative expression profiles are required, 
more statistically reliable approaches should be employed (e.g., multiple RT-PCR- 

10 ELISA measurements, DNA chip analyses, RNA blot analyses, and the like). 

Domain mapping of the sequence corresponding to cDNA 
DKFZp5640222 (SEQ ID NO: 93) indicates the presence of an N-terminal signal 
peptide (amino acids 1-23), two internal repeat domains and an olfactomedin domain 
(amino acids 361-616), which is detected in proteins such as myocilin, pancortin, and 

15 latrophilin. Mutations in the OLF domain of myocilin are associated with glaucoma. 

Domain mapping of KIAA1233 (SEQ ID NO: 111) indicates that the 
KIAA sequence contains six thrombospondin type I repeats, which are found in 
extracellular matrix proteins and are implicated generally in cell-cell interactions, and 
more specifically in the complement pathway, in the inhibition of angiogenesis, and in 

20 apoptosis, KIAA1233 also contains three immunoglobulin C-2 type domains, similar 
to many glycoproteins. Proteins possessing both thrombospondin repeats and 
immunoglobulin domains are also involved in intracellular interactions, such as cell - 
adhesion and apoptosis. From highest expression levels to lowest, KIAA 1233 mRNA 
is found in the spinal cord; heart, general brain, lung, liver, kidney, pancreas, various 

25 regions of the brain (amygdala, corpus callosum, caudate nucleus, hippocampus, 
substantia nigra, thalamus, and subthalamic nucleus) and fetal liver; fetal brain; 
spleen; and testis. 

The KIAA0846 (SEQ ID NO: 188) protein contains motifs found in 
guanine nucleotide exchange factors and is thus probably an intracellular protein, 
30 perhaps a signaling protein. KIAA0846 also exhibits two EF-hand motifs found in 
signalling proteins (e.g. calmodulin, SIOOB), which undergo a calcium-dependent 
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conformational change and are also found in buflfering/transport proteins. From 
highest expression levels to lowest, KIAA0846 mRNA is found in kidney; heart, brain 
and lung; liver, spleen and ovary; pancreas, smooth muscle and testis. 

Protein FLJ13110 (SEQ ID NOS: 207 and 208) exhibits a TB2/DP1, 
5 HVA22 family protein domain and two short transmembrane regions (amino acids 4- 
22 and 43-65 of SEQ ID NO: 207). The HVA22 family includes members from a 
wide variety of eukaryotes, including the TB2/DP1 (deleted in severe familial 
adenomatous polyposis) protein which is deleted in severe forms of familial 
adenomatous polyposis, an autosomal dominant oncological inherited disease. 

10 The LEC-specific gene screen also identified protein KIAA0937 (SEQ 

ID NOS: 211 and 212). KIAA0937 contains WWE domains (from approximately 
amino acids 30-112, and 113-189 of SEQ ED NO: 211) which is named after three of 
its conserved residues and is predicted to mediate specific protein-protein interactions 
in ubiquitin and ADP ribose conjugation systems. KIAA0937 is also predicted to 

15 contain a zinc finger domain (from amino acids 443-501 of SEQ ID NO: 211) and is 
expected to be an intracellular transcription factor. From highest expression levels to 
lowest, KIAA0937 mRNA is foimd in the spinal cord; the subthalamic nucleus and 
cerebellum of the brain; the brain in general (including the amygdala, corpus callosum 
and fetal brain) and ovary; fetal liver, heart, limg, kidney, spleen and parts of the brain 

20 (caudate nucleus and hippocampus); testis and pancreas; and smooth muscle. 

KIAA0952 (SEQ ID NO: 241 and 242) contains a Broad-Complex, 
Tramtrack and a Bric-a-brac domain, also known as a POZ (poxvirus and zinc finger) 
domain. These domains are known to be protein-protein interaction domains found at 
the N-termini of several C2H2-type transcription factors, as well as Shaw-type 

25 potassium channels. The known structure of these domains reveals a tightly 
intertwined dimer formed via interactions between an N-terminal polypeptide strand 
and helix structures. 

The protein designated KIAA0429 (SEQ ID NOS: 391 and 392) is 
similar to metastasis suppressor protein and contains an actin-binding WH2 domain 

30 from approximately amino acids 467-484, as well as a proline-rich region from amino 
acids 348-466. 
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Protein FLJ23403 (amino acid sequence, SEQ ID NO:859; 
polynucleotide sequence, SEQ ID NO:860) shows approximately 85% homology to 
an unknown mouse protein (GenBank Acc. No. XM_1 29000) and contains a series of 
four transmembrane domains spanning amino acids 44-66, 86-108, 115-137 and 452- 
5 474. 

Additional LEC-specific, upregulated genes include previously 
unidentified proteins KIAA0186 (SEQ ID NOS: 221 and 222), KIAA0513 (SEQ ID 
NOS: 235 and 236) and the protein designated FU13910 (SEQ ID NOS: 293 and 
294). 

10 The manipulation of lymphatic endothelial-cell-specific molecules is 

expected to be applicable to treatments of LEC diseases disorders associated with 
tissue edemas. Without wishing to be bound by theory, manipulation of such 
molecules is expected to modulate endothelial cell-cell or cell-matrix protein 
interactions or to affect transendothelial transport thereby altering the state of fluid 

15 transport across the lymphatic vessel wall. Further, such molecules provide targets for 
the delivery of therapeutic compounds, such as growth factors, mitogens, and the like, 
as well as cytostatic or cytotoxic agents known in the art. These therapeutic 
compounds are targeted to such cells by associating a therapeutic agent with, e.g., a 
binding partner (such as an antibody) of the LEC surface marker. The transmembrane 

20 proteins identified herein, in particular the leucine-rich proteins, also provide useful 
targets for modulating cell adhesion events integral to lymph clearance. 

EXAMPLE 7 

MiCROARRAY Analysis to detect LEC- and Lymph-Related Disorders 

The LEC-specific genes identified herein are useful in the detection of 
25 LEC in vivo and in determining the extent of the lymphatic vasculature in a sample. 
The LEC-specific genes are also expected to be useful in diagnosing lymphedema and 
other LEC-related disorders. 

Another aspect of the invention is a composition comprising a plurality 
of polynucleotide probes for use in detecting gene expression pattem(s) characteristic 
30 of particular cell type(s) and for detecting changes in the expression pattern of a 
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particular cell type, e.g,, lymphatic endothelial cells. The term "polynucleotide probe" 
is used herein to refer to any one of the nucleic acid sequences listed in SEQ ID NO: 
1-30, 45, 47, 49 and 51, or any fragment thereof or a nucleic acid sequence encoding 
an amino acid sequence listed in SEQ ID NOS: 31-44, 46, 48, and 50, or a fragment 
5 thereof. Preferably, the fragment is at least 10 nucleotides in length; more preferably, 
it is at least 20 nucleotides in length. Such a composition is employed for the 
diagnosis and treatment of any condition or disease in which the dysfunction or non- 
frmction of lymphatic endothelial cells is implicated or suspected. In one 
embodiment, the present invention provides a composition comprising a plurality of 
10 polynucleotide probes, wherein at least a subset of the polynucleotide probes 
comprises at least a portion of an expressed gene isolated from a population of LEC- 
specific genes identified above. Also contemplated is a composition comprising a 
plurality of polynucleotide probes, with at least a subset of such probes each 
comprising a unique sequence selected from the group of SEQ ID NOs: 1-30, 45, 47, 

15 49 and 51. Preferably, the composition comprises a subset of at least 3 
polynucleotides, each having a different sequence selected from the group of SEQ ID 
NOs: 1-30, 45, 47, 49 and 51. Also preferred are compositions comprising at least 5, 
at least 7, at least 9, at least 15, at least 20, or at least 25 distinct polynucleotides 
having sequences selected from the group of SEQ ID NOs: 1-30, 45, 47, 49 and 51. 

20 The composition is particularly useful as a set of hybridizable array 

elements in a microarray for monitoring the expression of a plurality of target 
polynucleotides. The microarray comprises a substrate and the hybridizable array 
elements. The microarray is used, for example, in the diagnosis and prognosis of a 
disease derived from aberrant lymphatic endothelial cell activity, such as 

25 lymphedema, lymphangioma, lymphangiomyeloma, lymphangiomatosis, 
lymphangiectasis, lymphosarcoma, and lymphangiosclerosis. Compositions may be 
useful in identifying more than one cell type and may be useful in the diagnosis and 
prognosis of more than one disease, disorder or condition. Further, useftil information 
is obtained from those probes yielding a signal and from those probes not yielding a 

30 signal. 
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A polynucleotide comprising the sequience of any one of SEQ ID NOS: 
1-30, 45, 47, 49 and 51 may be used for the diagnosis of conditions or diseases with 
which the abnormal expression of any one of the genes encoded by SEQ ID NOS: 1- 
30, 45, 47, 49 and 51 is associated. For example, a polynucleotide comprising any 
5 one of the sequences set forth in SEQ ID NOS: 1-30, 45, 47, 49 and 51 may be used 
in hybridization or PGR assays of fluids or tissues (e.g., obtained from biopsies) to 
detect abnormal gene expression in patients with lymphedema or another lymph- 
associated disease. In addition, a polynucleotide comprising a sequence encoding any 
of the amino acid sequences set forth in SEQ ID NOS: 31-44, 46, 48 or 50 is useful 

10 for the diagnosis of conditions or diseases associated with aberrant expression of a 
polypeptide having any one of those amino acid sequences. Fragments comprising at 
least 10 nucleotides are also useful in these diagnostic methods. 

Expression profiles may be generated using the compositions of the 
invention comprising SEQ ED NOs: 1-30, 45, 47, 49 and 51. The expression profile 

15 generated from the microarray is used to detect changes in the expression of genes 
implicated in disease. 



EXAMPLE 8 
Transcription factors in BECs and LECs 

Transcription factors preferentially expressed in the LECs included the 
20 zinc finger factor c-maf and the MADS-family transcription factor MEF2C (Figure 1). 
Targeted mutagenesis of MEF2C leads to embryonic death at E9.5-10 due to defects 
in the remodeling of the primary vasculature and abnormal endocardiogenesis (Bi, et 
al. Dev. Biol 2/7:255-267. 1999). MEF2C has been reported to bind the 
transcription factor Sox 18 and to potentiate its activity in endothelial cells (Hosking, 
25 et ai, Biochem. Biophys. Res. Commun, 257:493-500. 2001). Mouse pups with a 
homozygous mutation in Sox 18 that dismpts the MEF2C complex develop chylous 
ascites in some genetic backgrounds (Peimisi, D., et al., Nat. Genet 2-/:434-437. 
2000), suggesting that both proteins may be involved in the regulation of lymphatic 
development. In line with this hypothesis, RT-PCR analysis of MEF2&' embryos 
30 showed decreased VEGFR-3 expression (Bi, et al.. Dev. Biol, supra). 
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The STAT6 transcription factor, which is activated in response to IL-4, 
was expressed specifically in the BECs. Consistent with this observation, the results 
herein show that the IL-4 receptor was expressed preferentially in BECs, as were 
some of the IL-4 target chemokines and receptors such as MCP-1 and CXCR4. 
5 VEGF stimulation and activation of VEGFR-2 is also known to lead to STAT6 
phosphorylation and activation in endothehal cells (Bartoli, et al, J. BioL Chem, 
275:33189-33192. 2000). The absence of STAT6 in LECs, therefore, suggests that the 
downstream signaling pathways of VEGFR-2 differ in BECs and LECs. Expression 
patterns of other transcription factors are shown in Table 5. 

10 EXAMPLE 9 

Soxl8 AND Hereditary Lymphedema 

Expression of the transcription factor MEF2C is upregulated in LECs. 
Soxl8 (SEQ ID NO: 53, and encoding SOX18, SEQ ED NO: 54), which was reported 
to interact with MEF2C in mice, was also shown to play a potential role in lymphatic 
15 endothelial cell development. To investigate the role of Sox J 8 in human 
lymphedema, the correlation of human Sox 1 8 mutants with human hereditary 
lymphedema was investigated. 

The SOX proteins, homologs of the family of SRY transcription 
factors, are ubiquitous transcription factors which contain a putative high-mobility- 
20 group (HMG) DNA binding domain. (Wegner, M., NucL Acids Res. 27:1409-20* 

1999) . SOX proteins bind their DNA targets at a heptameric SOX consensus binding 
sequence [5'- (A/T)(A/T)CAA(A/T)G-3*] (Pennisi et aL, Mol Cell Bio, 20:9331-36. 

2000) and generally bind DNA in the minor groove rather than the major groove of 
the double helix, which results in transcriptional regulation of the target gene. SOX 

25 proteins may also be involved in recruiting other DNA binding proteins to a DNA- 
protein complex, thereby assisting in transcription regulation (Wegner, supra). 
SOX18 shares homology with both SOX7 and SOX17, all members of the Group F 
Sox genes. 

SOX18 is involved in vascular development and has been localized to 
30 the developing cardiovascular system and sites of angiogenic activity. Mice 
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homozygous for the Ragged (Ra) mutation in Soxl8 exhibit chylous ascites and 
edema (Pennisi et al, Nat Genet, 24:434-37. 2000), similar to the Chy mouse model 
of lymphedema (Lyon et al. Mouse News Lett, 71: 26. 1984). The mutation in Ra 
mice has been detemiined to be a frameshift mutation that causes truncation of the 
5 transactivating domain (Pennisi et al, Nat. Genet. 24:434-37. 2000). Soxl8 null 
mice, however, demonstrate only a slight phenotypic change in hair follicle 
development and show no signs of edema or irregular vascular development (Downes 
and Koopman, Trends Cardio. Med. 11:318-24. 2001). This phenotype may be due to 
redundancy among the Group F Sox members, SOX7 and SOX17. These proteins 

10 may substitute for SOX 18 function in its absence, but cannot overcome a Sox 18 
dominant negative mutant such as the Ra mutations. Hence, knocking out the entire 
Group F family may produce a lymphedema phenotype similar to the Ragged mice. 

Mouse and human SOX 18 are homologous proteins containing a DNA 
binding HMG-box of approximately 80 amino acids (97% homologous), a 

15 transactivating domain which in mouse is about 93 amino acids (90% homologous), 
and a C-terminal domain (92% homologous) (Downes and Koopman, supra). The 
hiunan SOX18 HMG-box has been localized to nucleotides 395-598, corresponding 
to amino acids 84-151. The mouse HMG-box is encoded by nucleotides 320-532, 
corresponding to amino acids 78-148. The human transactivation domain has not 

20 been delineated to date, but one of skill in the art could readily obtain the human 
transactivating domain using the homologous mouse sequence, which is found at 
amino acids 252-346 of mouse SOX18 (Hosking et aL, Gene 262:239-47. 2001), 
Although the human SOX18 protein exhibits similarities to mouse SOX18 at the 
primary structural level, there is no known association of a hiunan Soxl8 mutant with 

25 a disease or condition, such as hereditary lymphedema. 

Human Soxl8 has been mapped to chromosome 20q.l3.3 (Stanojcic et 
al, Biochem. Biophys. Acta. 1492:237-41. 2000). Elucidation of an inheritable 
mutation at or near this chromosomal location that correlates with hereditary 
lymphedema is useful in confirming the genetic basis of the disease, in the screening 

30 of patients affected by hereditary lymphedema, in the screening of patients for a pre- 
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disposition to develop hereditary or other forms of lymphedema, and also as a basis 
for target treatment regimens directed to overcoming the inherited mutation. 

To determine the hnkage of Soxl8 with lymphedema, families with 
inherited lymphedema are identified for the purpose of conducting linkage and 
5 positional candidate gene analyses. Family members are considered affected with 
hereditary lymphedema if they exhibit asymmetry or obvious swelling of one or both 
legs or if they have received a medical diagnosis of lymphedema or if there are 
personal or family reports of extremity swelling or asymmetry. 

Biological samples are obtained from members of the families to 

10 conduct the genetic analyses. DNA is isolated from EDTA-anticoagulated whole 
blood by the method of Miller et aL, (Nucleic Acids Res. 16:1215. 1998), and from 
cytobrush specimens using the Puregene DNA isolation kit (Centra Systems, 
Minneapolis, MN). Analysis of the markers used in the genome scan are performed 
by methods recognized in the art. See Browman et al. Am, J. Hum. Genetic, 63:861- 

15 869 (1998); see also the NHLBI Mammalian Genotyping Service. 

To explore the potential role of Soxl8 in lymphedema, probands from 
the lymphedema families are screened for variation by direct sequencing of portions 
of the SoxlS gene. The sequencing strategy uses amplification primers generated 
based upon the SoxlS cDNA sequence (SEQ ID NO: 53) and information on the 

20 genomic organization (intron-exon data, identified domain motifs) of the related Sox 
genes. Variable positions (single nucleotide polymorphisms) and unique sequence 
primers are used to amplify sequences flanking each variable site located in the 
domains used for analysis. 

The SoxlS genomic DNA from both the normal and lymphedema 

25 affected individuals is sequenced and a map of mutations detected in the SoxlS gene 
of lymphedema patients as compared to unaffected individuals is generated. 
Commonly detected mutations in lymphedema patients, such as a conservative or 
non-conservative nucleotide change, a deletion, or an insertion, indicates that a 
mutation in that particular nucleotide confers a pre-disposition to developing 

30 lymphedema. Analysis of the genomic DNA of the affected individuals will correlate 
mutations in the SoxlS genomic sequence and lymphedema. 
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To confirm the correlation of Sox 18 mutations and the development of 
lymphedema, genetic linkage studies are performed, as set out in the method of 
identifying genetic polymorphisms described in U.S. patent appUcation number 
US2003026759 and PCT/US99/06133, each of which is incorporated herein by 
5 reference. 

Two-point linkage analysis is conducted using an autosomal dominant 
model predicting 80% penetrance in the heterozygous state, 99% penetrance in the 
homozygous state, and a 1% phenocopy rate. The fi-equency of the disease allele is 
set at 1/10,000. Microsatellite marker allele frequencies are calculated by counting 

10 founder alleles, with the addition of counts of non-transmitted alleles. Multipoint 
analysis is carried out using distances from the Location Database provided by the 
University of Southampton School of Medicine. Multipoint and 2-point analyses are 
facilitated using the VITESSE (v 1.1) program. (O'Connell, and Weeks, Nature 
GeneL, 1 1 :402-408. 1 995). 

15 Analysis of the markers used in the genome scan* are performed by 

methods recognized in the art. [See Browman et aL, Am, J, Hum. Genetic, 5i:861- 
869 (1998); see also the NHLBI Mammalian Genotyping Service and databases 
offered by the Center for Molecular Genetics (Marshfield, WI). One of skill in the art 
readily chooses genetic linkage markers identified in chromosome 20 (specifically 

20 20ql 3.3), where Soxl 8 has been localized (Stanojcic et aL, supra). 

Linkage simulation is performed using SLINK (Weeks et al. Am. J. 
Hum, Genet. 47:A2QA. 1990) and linkage is analyzed using MSDVl (Ott, J,, Proc. Nat. 
Acad. Sci. USA, 55;41 75-41 78. 1989) to estimate the potential power of two point 
linkage analysis in the family being assessed. Marker genotypes are simulated for a 

25 marker with heterozygosity of 0.875 under a linked (9=0) and unlinked (9=0.5) model 
using the available individuals. The simulation is set such that the power to detect 
linkage is greater than 90% for a LOD score threshold of Z(9) 2.0 and the false 
positive rate is less than 5%. 

Mutations that correlate strongly with a heritable lymphedema are 

30 expected to be mutations in functional domains of the SOX 18 protein, e.g., the HMG- 
Box domain or the transactivating domain. Exemplary mutations include missense 
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mutations that cause non-conservative substitutions, nucleotide deletions or insertions 
that cause frameshifls in the Soxl8 coding region, in-frame deletions or insertions 
such as those affecting a functional domain(s), or alterations of control regions 
affecting the level of Sox 1 8 expression. 
5 Upon identification of the Soxl8 lymphedema-correlated mutations, 

Soxl8 mutant expression vectors containing an isolated mutant Soxl8 allele is 
expressed in, e.g., 293T or endothelial cells. The Soxl8 mutant DNA can also be 
integrated into a plasmid useful in the mammaUan two-hybrid system, such as 
pGAL4, to measure SOXI8 interaction with its binding partners, such as MEF2C 
10 (Hosking et al, Biochem. Biophys. Res. Comm. 287: 493-500. 2001) or to screen for 
SOX18 binding partners. For example, pG AlASoxI 8 vector links the SoxIS gene to 
the yeast Gal4 DNA binding domain and a transcriptional activator is linked to a 
SOX 18 binding partner in a separate vector. Co-introduction of these vectors into a 
host cell will result in detectable reporter gene expression resulting from SOX18 
15 interactions with the binding partner or candidate binding partner. The pCMV-BD 
and pCMV-AD vectors, which contain a GALA DNA binding domain and the NF-kB 
transcriptional domain, respectively, are useful in this assay (BD Biosciences 
Clontech) for constructing and expressing gene fusions, with SOX18 binding activity 
detected using the luciferase reporter system. 
20 In such a di-hybrid assay, a Soxl8 lymphedema-correlated mutant that 

contains a mutation affecting SOX 18 binding via the transactivating domain will 
decrease the amount of luciferase reporter activity, indicating that the SoxIS 
lymphedema-correlated mutation may result in lymphedema through a defect in its 
ability to bind its binding partner through its transactivating domain. 
25 A SoxJ8 allele is also assessed for a mutation in its HMG-box DNA 

binding domain through several techniques. DNA binding is assessed in a one-hybrid 
assay in which the DNA sequence bound by SOX18, e.g. 5'- (A/T)(A/T)CAA(AyT)G- 
3' and permutations thereof, is placed in front of (i.e., upstream of or 5' to) a 
promoter/reporter gene construct similar to the target plasmid in a two-hybrid assay 
30 The reporter assay then detects binding between a SOX 18 protein and its putative 
DNA binding sequence. DNA binding is also assessed using a gel shift assay 
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performed by incubating a purified SOX 18 protein with a ^^P end-labeled DNA 
jfragment containing the SOX18 DNA-binding sequence. The reaction products are 
then analyzed on a non-denaturing polyacrylamide gel to measure the mobility of 
DNA-bound or free SOX18. The specificity of a SOX18 polypeptide for the putative 
5 binding site is established by competition experiments using DNA fragments or 
oligonucleotides containing a binding site for SOX18 or other unrelated DNA 
sequences. 

Additionally, fluorescence-based assays for detection of DNA/protein 
binding are used. SOX18 DNA binding is detected by fluorescence measurement of 

10 single fluorophores which are bound to either the DNA or protein. In these assays, 
protein binding is determined by a change in fluorescence intensity or polarization 
when DNA-protein complexes form. Alternatively, two DNA fragments, each 
containing half of the protein binding site, are generated. The two double-stranded 
DNA fragments have complementary single-strand overhangs that comprise part of 

15 the protein binding site. One DNA fragment is labeled witti a fluorescence donor 
while the other is labeled with an acceptor, with fluorescence detected only upon 
fluorescence resonance energy transfer (FRET). Upon protein binding, the overhangs 
of the two DNA fragments anneal and bring the fluorescence donor and acceptor into 
proximity, resulting in transfer of the fluorescence energy, which results in detectable 

20 fluorescence of the acceptor. See Heyduk, et al, Nat. BiotechnoL 20:171-6. 2002. 

Correlation of a mutation in the human Soxl8 genome with the risk of 
developing lymphedema provides another method for diagnosis and/or treatment of 
individuals affected by hereditary lymphedema. Elucidation of a Soxl8 mutation 
associated with lymphedema allows for the determination of the SOX 18 protein 

25 activity is disturbed by the mutation, e.g., DNA binding or protein binding, and 
provides direction for treatment of patients with lymphedema. 

Additionally contemplated is the treatment of patients with SoxlS- 
induced lymphedema with a lymphatic growth factor such as VEGF-C and/or VEGF- 
D to overcome impaired lymphatic vascular development. For example, treatment of 

30 VEGFR-3 defective animals with VEGF-C and/or VEGF-D overcomes the inability 
of VEGFR-3 to signal, thereby promoting lymphangiogenesis and ameliorating 
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symptoms of lymphedema. SoxlS-indnced lymphedema patients are treated with a 
therapeutically eflfective amount of VEGF-C and/or VEGF-D, In an additional 
embodiment, VEGF-C and/or VEGF-D are administered to the above patients in 
conjunction with other therapies designed to relieve the symptoms of lymphedema. 

5 EXAMPLE 10 

VEGF-C and VEGF-D knockout mice demonstrate aberrant vascular 

development which can be overcome by administration of exogenous VEGF-C and/or 
VEGF-D polypeptide. To determine if Sox 18 transcriptional regulation can overcome 
this defect due to its potential interaction with, and transcriptional effect on, the 
10 VEGFR-3 promoter, VEGF-C or VEGF-D knockout mice are genetically crossed by 
interbreeding with mice overexpressing SoxJ8 from a cell-specific-promoter (e.g. K- 
14 keratin promoter) or a retroviral vector. The effects of Soxl8 activity on 
lymphedema are assessed through measurement of lymphedema and vascular 
development, as described in Example 10. 

15 Survival of the knockout mice and detection of lymphatic development 

in the VEGF-C and/or VEGF-D knockout/Sox 18-overexpressing mice indicates that 
Sox 18 induces VEGFR-3 signaling and plays a key role in lymphangiogenesis. 

VEGF-C overexpressing mice (K-14- VEGF-C Tg) exhibit an 
extensive network of lymphatic vasculature^ are prone to tumor metastasis, and 

20 demonstrate upregulated VEGFR-3 expression and symptoms of lymphedema (US 
Patent No. 6,361,946). To determine if Soxl8 regulates VEGF-C signaling through 
VEGFR-3, K-14- VEGF-C Tg mice are crossed to animals which express a naturally 
mutated Sox J 8 (Ragged mutation) or a laboratory-designed mutant constructed using 
site-directed mutagenesis and standard knockout techniques known in the art to 

25 generate a mutation in either the DNA-binding or transactivating domain of the SOX 
protein, resulting in a K-14- VEGF-C Tg/Soxl8"^* mouse. 

Decreased lymphangiogenesis, decreased incidence of tumor 
metastasis, and decreased levels of VEGFR-3 exhibited by the K-14-VEGF-C 
Tg/Soxl8'^' double mutant animals as compared to the K-14- VEGF-C Tg single 
30 mutant animal indicates that the Sox 18 molecule interferes with VEGF-C signaling 
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through VEGFR-S and that inhibition of the VEGFR-3 signaUng in the Soxl8 mutant 
downregulates the lymphangiogenic effects of activated VEGFR-3. 

Alternatively, K-14-VEGF-C Tg mice are crossed to mice transgenic 
for a Sox 18 allele that is overexpressed (see above) and the effects of Sox 18 
5 upregulation are measured. A decrease in lymphangiogenesis, decreased incidence of 
tumor metastasis, and decreased levels of VEGFR-3 exhibited by the K-14-VEGF-C 
Tg/SoxJ8 overexpressing double mutant animals as compared to the K-14-VEGF-C 
Tg single mutation indicates that Sox 18 transcriptional regulation inhibits VEGFR-3 
signaling and is likely a factor in negatively regulating l3miphangiogenesis. 

10 A result indicating that Soxl8 is a negative regulator of 

lymphangiogenesis provides a method of treating disorders mediated by extensive 
lymphatic vasculature, such as lymphangiogenesis in tumor development or 
lymphangiosarcoma, by administration of a vector providing the SOX 18 transcription 
factor in excess thereby preventing the induction of lymphangiogenic signals. 



15 EXAMPLE 11 

Soxl8 IN Lymphatic Development 

Lymphatic endothelial cells show a unique development pattern that is 
highly regulated by several LEC-specific genes such as VEGFR-3 and Prox-1. 
Sox 18, as a DNA binding protein and transcription factor, is expected to be involved 

20 in the regulation of these LEC-specific genes, contributing to the elaboration of a LEG 
cellular fate. Several lines of evidence indicate that Sox 18 may be involved in 
VEGFR-3 transcription regulation: SOX18 binds to the transcription factor MEF2C in 
mice, both ^c^^y^-mutant and MEF2C-deficient mice exhibit lymphedema symptoms 
similar to VEGFR-3 mutant mice, and the VEGFR-3 promoter contains a MEF2C 

25 binding site (Iljin et al FASEB J. 15:1028-36. 2001). These observations support a 
role for SOX 18 in lymphatic development. 

To analyze the ability of Soxl8 to affect the transcription of LEC- 
specific growth factors, blood vascular endothelial cells are induced to develop into 
LECs by the addition of an AdProx-1 vector. Soxl8 mRNA and protein levels are 

30 measured before and after the addition of the Prox-1 vector. Upregulation of Soxl8 
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after the addition of the Prox-l vector is expected to correlate with the development of 
lymphatic endothelial cells, indicating that Sox 1 8 is a factor in LEC differentiation. 
Alternatively, either the DNA binding or transactivation activity of Sox 18 is disrupted 
via site-directed mutagenesis, thereby resulting in either a dominant negative or 
5 inactive SOX 18 protein. The plasmid containing the So;ci5-disrupted allele is co- 
transfected into BECs with the AdProx-1 vector to assess LEC development in the 
presence of a dysfunctional Soxl8 gene. Detection of LEC-specific markers such as 
LYVE-1 and podoplanin are also used in these experiments to measure the ability of 
Sox 18 to modulate lymphatic development. Additionally, mutant Sox 18 is also co- 

10 transfected with vectors encoding LEC-specific proteins (e.g., VEGFR-3, Prox-l, 
LYVE-1) into 293T cells and the ability of the mutated Soxl8 to regulate the activities 
of those genes is assessed. For example, signaling in VEGFR-3 co-transfected 293T 
cells stimulated with VEGF-C in the presence and absence of Soxl8 is assessed using 
a phosphorylation assay. 

15 Development of the lymphatic vasculature can also be evaluated in 

Soxl8 mutant mice, including Ra mice, Soxl8 null mice, and Soxl8 mice transgenic 
for a mutation described herein that correlates with a pre-disposition to lymphedema. 
Transgenic Soxl8 mice exhibiting a symptom of lymphedema are engineered to 
express a mutation in the mouse gene homologous to the hvmian mutation or are 

20 engineered to express the human Soxl8 gene containing a lymphedema-specific 
mutation. Development of the vasculature in these animals is analyzed, as set out in 
US Patent No. 6,361,946 (see also Kaipainen et al, Proc. Natl. Acad, Set (USA), 
92:3566-70. 1995), using techniques known in the art, such as in situ hybridization, to 
detect VEGF-C and/or VEGFR-3 mRNA expression, antibody detection of VEGF-C 

25 and/or VEGFR-3 proteins in vivo^ and Evan's blue dye detection to determine the 
extent of LEC development and to visualize eflfective lymph drainage in vivo. 

An increase in VEGFR-3 signaling in a dominant negative Soxl8 
mutant transfectant indicates that Sox 18 expression has a detrimental effect on 
VEGFR-3 -mediated activity. The invention contemplates a therapy to overcome this 

30 type of mutation comprising administering to mammal, such as a human patient, a 
composition comprising a SOX 18 inhibitor, such as a dominant negative gene or 



99 



wo 03/080640 



PCT/US03/06900 



dominant negative Sox 18 ligand which interferes with the ability of SOX18 to 
interfere with VEGFR-3 signaling. Alternatively, if Sox 18 activation promotes 
VEGFR-3 activity this provides an indication that a therapy for lymphedema 
comprises a composition which promotes SOX18 transcriptional activity, such as cells 
5 given ex-vivo which overexpress Soxl8. 

EXAMPLE 12 
SOX18 DIRECTED THERAPY IN LYMPHEDEMA 

Another aspect of the invention is the use of Soxl8 to produce cell- 
based therapeutic compositions, particularly LEG cell-based compositions. In one 

10 embodiment, the cells are autologous cells, z.e., cells of the organism {e.g., human 
patient) receiving treatment for a disease or disorder of the lymphatic system. The 
invention contemplates elevating the endogenous expression of Soxl 8, for example by 
the modification of expression control regions, e.g., promoters, through recombinant 
techniques such as homologous recombination. Alternatively, the cells are 

15 transfomied or transfected with an isolated Soxl 8, e.g., a heterologous Soxl 8, for 
heterologous Soxl 8 expression, either in vivo or ex vivo. 

For example, SOX 18 interacts with transcription factor MEF2C, with 
the complex binding to the VEGFR-3 promoter, thereby inducing VEGFR-3 
transcription and affecting VEGFR-3 protein expression and signaling levels. It is 

20 contemplated that insertion of a Soxl 8 gene driven by a retroviral or adenoviral vector 
into an LEG expressing VEGFR-3 will upregulate VEGFR-3-mediated signaling. 

These iSQx75-expressing cells are then used as a therapeutic 
composition in the treatment of patients with an LEG disease or disorder, such as 
hereditary lymphedema or trauma-induced lymphedema. These cells are used to treat 

25 any disease or condition associated with a decrease in expression of VEGFR-3, such 
as lymphangioma, lymphangiomyeloma, lymphangiomatosis, lymphangiectasis, 
lymphosarcoma, and lymphangiosclerosis. 

Additionally, a SOX18 polypeptide or polypeptide fragment is 
administered to a patient experiencing lymphedema to relieve the symptoms of 

30 lymphedema. It is contemplated that administration of either a full-length SOX 18 
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polyp^tide or a fragment of SOX 18, which contains either the DNA binding domain 
or the transactivating domain, will bind to its cognate binding partner in vivo and 
promote VEGFR-3 signaling, or will initiate downstream events in the 
lymphangiogenic process, thus bypassing a defect in VEGFR-3 signaling or VEGF-C 
5 ligand binding involved in lymphedema. 

In a related aspect, if SOX 18 expression inhibits VEGFR-3 signaling 
via decreased transcription factor binding or DNA binding, it is expected that 
inhibition of SOX18 will result in a compensatory upregulation of VEGFR-3, 
ameliorating deleterious symptoms associated with VEGFR-3 imder-expression. 

10 Administration of antisense therapy specific for the Sox 18 gene in instances where 
Sox 18 negatively regulates VEGFR-3 activity will inhibit SOX 18 activity thereby 
allowing VEGFR-3-mediated signaling and lymphatic growth. Due to the potential 
functional redundancy of the Group F SOX proteins (SOX7/17/18), however, it may 
be necessary to inactivate all three proteins through a mechanism that inhibits the 

15 DNA binding activity of all Group F proteins. This is done, e.g., by targeting the 
DNA binding domain, which is highly homologous among all the proteins. It is 
contemplated that recombinant SOX7/17/18 proteins expressing a mutated DNA 
binding domain, when administered as a pharmaceutical composition (containing all 
three mutant peptides), will inhibit SOX18 downregulation of VEGFR-3 and induce 

20 or promote VEGFR-3 signaling activity. From the foregoing it will be appreciated 
that, although specific embodiments of the invention have been described herein for 
purposes of illustration, various modifications may be made without deviating from 
the spirit and scope of the invention. 

All of the above U.S. patents, U.S. patent application publications, 

25 U.S. patent applications, foreign patents, foreign patent applications and non-patent 
publications referred to in this specification and/or listed in the [Applicatioii Data 
Sheet] are incorporated herein by reference, in their entirety. 
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Table 10 
Known LEC-specific genes 



Gene 



Detection 



Accession numbers 
starting EST possible gene 



Af(S/3,5) 

Af(S/3,2) 
Af(S/2,6) 



Af(NS/2,6) R61374 



CD36 Af(S/4,3) 
=COLl/TSP receptor, fatty-acid transport 
protein 

betal-syntrophin Af(S/4,5) 
collectin sub-family member 12 Af (S/4,5) 
a disintegrin and metalloprotease Af (S/4,3) 
domain 12 

cytotoxic T-lymphocyte- Af (S/4,0) 

associated protein 4 

niban protein NM_022083 niban Af (S/3,7) 
protein 

multi-PDZ-domain-containing 
protein, LNX 
MAGE-El protein 
upstream stimulatory factor 1, 
USFl (genomic match) 
hairy/enhancer-of-split related 
with YRPW motif 1 
alpha-2,8-polysialyltransferase 
semaphorin 6A1 
guanine nucleotide binding 
protein (G prot), ganuna 2 
integral membrane protein 3 
similar to mouse glucocorticoid 
induced gene 1 

YAP65 (Yes-associated protein of Af (NS/2,0) 
65kDaMW) 

17 kDa fetal brain protein 
Kruppel-like factor 5 
calcitonin receptor-like, CGRP 
type 1 receptor 
fibroblast growth factor 13, 
isoform lA 

tetraspan NET-6 protein 
ring finger protein 1 1 



R20784 
H54254 

AA447177 

R74387 

AA147933 

AI733018 

AA554814 

AI738919 

AI435112 
AA701033 



Af(S/2,5) 
Af(S/2,4) 
Af(S/2,3) 

Af(S/2,3) 
Af(S/2,0) 



Af(NS/l,9) 

Af(S/l,8) 

Af(S/l,7) 

Af(NS/l,7) 

Af(NS/l,6) 
Af(S/l,6) 



AI422986 

W21965 

AA738022 

AA128019 
AI678080 

AL048399 

H92988 
AI8 15057 
AI741128, 
T94540 
AW014749 

W22687 
AL079648 



M98399 

L31529 
NM_030781 

NM_003474 

NM_005214 

NM_052966 

NM_032622 
NM_030801 

AB017568 

NM_012258 
L41680 
NM_020796 

NM_030926 

XM_070471 

X80507 

NM_022343 

NM_001730 

NM_005795, L76380 

NM_004114 • 

NM_014399 
BC020964 



♦ Af=Afiymetrix, S=specific for LEC, NS=nonspecific (also expressed in BEC), numbers 
represent log2 ratio of the signal intensities between BEC and LEC 
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Table 11 

Differentially expressed genes identified by accession number 



Gene 


Detection * 


starting EST 


SEQ ID NO: 


EST 


Af(S/4,9) 


AL079386 


1 


EST 


Af(S/3,7) 


N21555 


2 


EST 


Af(S/3,2) 


ALI 19027 


3 


EST 


Af(S/2,9) 


H05299 


4 


EST 


Af(S/2,8) 


AA973128 


5 


EST 


Af(NS/2,6) 


All 28820 




EST 


Af(S/2,3) 


AW044647 


6 


EST 


Af(S/2,2) 


AI333058 


7 


EST 


Af(S/2,l) 


AI536067 


8 


EST 


Af(NS/2,0) 


AAl 56409 




EST 


Af(S/l,9) 


AI770080 


9 


EST 


Af(NS/l,9) 


AA456099 




EST 


Af(S/l,8) 


AI692645 


10 


EST 


Af(S/l,7) 


ALI 19265 


11 


EST 


Af(S/l,6) 


AI478114 


12 


EST 


Af(S/l,6) 


AI817448 


13 



* Af=Affymetrix, S=specific for LEC, NS=nonspecific (also expressed in BEC), numbers 
represent log2 ratio of the signal intensities between BEC and LEC 



131 



wo 03/080640 



PCT/US03/06900 



Table 12 
Other Proteins Identified 







Accession numbers 


Gene 






possiDic gene 




l^T A A 1 "^O^ hvnotVipfiral nroteiTi 
















AJVl__U4o / Z 1 


{/\)) 


sirniiur lo piiuopiiogiuvuiiiuiaoc j 




Al-fU4oy4 1 


AJVl_U4 / o4y . 


(21) 


oimiiar lO iransnieinDraiie 












Af fS/4 5) 

Y»>" y 






(ZZ) 


nyT/OifiwiiCai proicin ivivjv^-^ 1 o*j*T 




Alo5y41o 


TVTTViT ACOO/^O 

jNM_Uj2ooz 


(23) 


KlAAlo / / 




AWUU4U10 






Similar lo uiuianiea proiein 










proiiud 


Af nsrs/3 X) 




"JTM nRS9'^S 
yvtvx v/OJz,jj 






Af ^S/2 9) 


A A S AAn0 1 


YTV>f n'^JJ'^IA 
AJ.Vl___U^ oO 1 4 




V"! A A 1 miccina M-tf»rm 










•fVnm P^^tc'^ 


AffS/2,6) 


AA007697 


AB028981 


(25) 


similar to KJAA1673 


Af(S/2,3) 


AI948598 


XM_059607 


(26) 


similar to lysosomal amino acid 










transporter 1 


Af(S/2,3) 


AI692279 


XM_058449 


(27) 


Homo sapiens similar to 










KIAA1673 protein 


Af(S/2,3) 


AI948598 


XM 059607 




KIAA0493 


Af(S/2,3) 


AA532655 


AB007962 


(28) 


hypothetical protein MGC2780 


Af(S/2,3) 


AI734962 


MM 025266 


(29) 


transmembrane protein 2 


Af(NS/2,3) 


NM_013390 


57094_at 




Novel hmnan gene mapping to 










chomosome 1 


Af(S/2,2) 


AA651889 


HS455J72 


(30) 



* Af=Affymetrix, S=specific for LEG, NS=nonspecific (also expressed in BEC), numbers 
represent log2 ratio of the signal intensities between BEC and LEC 



In Tables 5, 6 and 12, the nmnbers in parentheses refer to the SEQ ED 
NO: in the Sequence Listing. Table 13 below correlates these sequences with 
polypeptide sequences SEQ ID NO:31-44 and 46 (Open reading frames, ORF's). 
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Table 13 

Polypeptides corresponding to LEC-specific polynucleotides 



Accession number 


Polynucleotide 


PolvDentide 


NM 021647 


SEQ IDNO:14 


SEO IDNO-31 


NM 014817 


SE0IDN015 


SEO ID NO-32 


XM 059074 


SEQ ID NO: 16 


SEO ID NO-33 


NM 016647 


SE0IDN017 


SEO ID NO-34 

J>JX_j>^ JJL-' X^V</.— 


XM 048721 

^VJ.TX V/~U / X 


SEO ID NO'20 


SEO ID NO-35 


XM 047649 


SEQIDNO:21 


SEQ ID NO;36 


XM 030300 


SEQ ID NO:22 


SEQIDNO:37 


NM 052862 


SEQ ID NO:23 


SEQ ID NO:38 


XM 039314 


SEQ ID NO:24 


SEQ ID NO:39 


AB028981 


SEQ ID NO:25 


SEQ ID NO:40 


XM 059607 


SEQ ID NO:26 


SEQ ID NO:41 


XM 058449 


SEQ ID NO:27 


SEQ ID NO:42 


NM 025266 


SEQ ID NO:29 


SEQ ID NO:43 


AL137762/HS455J72 


SEQ ID NO:30 


SEQ ID NO:44 


XM 084655 


SEQ ID NO:45 


SEQ ID NO:46 
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Table 14 



Sequence identifiers for sequences in Table 3 





accession 
numbers 


aa SEQ ID NO: 


nt SEQ ID NO: 


lung type^I cell membrane-associated protein, 
podoplanin 


AF030428 


NM_006474 


SEQIDNO: 65 


SEQ ID NO: 66 


lung type-I cell membrane-associated protein, 
podoplanin 


AI660929 


NM_p06474 


duplicate 




cellular retinol-binding protein 


Ml 1433 


NM_^002899 


SEQ ID NO: 67 


SEQ ID NO: 68 


macrophage mannose receptor (MRCl) 


M93221 




SEQIDNO: 69 


SEQ ID NO: 70 


transcription factor C-MAF 


AF055376 


NM_^005360 


SEQIDNO: 71 


SEQ ID NO: 72 


transcription factor C-MAF 


AF055376 


NMJ)05360 


duplicate 




selenoprotein P 


Z11793 


NM_005410 


SEQ ID NO: 73 


SEQIDNO: 74 


KIAA0466, inunimoglobulin superfamily, 
member 3 


AB007935 


1S[M_001542 


SEQIDNO: 75 


SEQIDNO: 76 


type II membrane protein similar to HIV gpl20- 
binding C-type lectin, CD209 antigen-like 


AB015629 


NM_014257 


SEQIDNO: 77 


SEQIDNO: 78 


KIAA0626 


AB014526 


NM_021647 


SEQ ID NO: 79 


SEQ ID NO: 80 


KIAA0711 


AB018254 


NM_014867 


SEQ ID NO: 81 


SEQIDNO: 82 


integrin alpha 9 


D25303 


NM_002207 


SEQIDNO: 83 


SEQ ID NO: 84 


integrin alpha 9. 


D25303 


NMJ)02207 


duplicate 




relaxin H2 


X00948 


NM_005059 


SEQIDNO: 85 


SEQIDNO: 86 


KIAA0644 


AB014544 


NM__014817 


SEQ ID NO: 87 


SEQIDNO: 88 


Cdk-inhibitor p57KIP2 (K1P2) 


U22398 


NM_000076 


SEQ ID NO: 89 


SEQ ID NO: 90 


Cdk-inhibitorp57KIP2 (KIP2) 


U22398 


NM_000076 


duplicate 




transient receptor potential channel TRPC6 


AJ006276 


NM_,004621 


SEQIDNO: 91 


SEQ ID NO: 92 


cDNA DKFZp5640222 (from clone 
DKFZp5640222) 


AL050002 






SEQ ID NO: 93 




M80482 


.NM_^002570 


SEQ ID NO: 94 


SEQ ID NO: 95 


regulator of G-protein signalling 16, A28-RGS14p 


U70426 


NM_002928 


SEQIDNO: 96 


SEQIDNO: 97 
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response mediator protein 1 








oiiv^ ID NU: 99 


rleeiTiAnljiVtn /'DPT DPTT"^ 


AT ft^lOSR 


NM 004415 


OCV^ llJ INV^. xuu 


CT70 TTl XT/^. 1 /I t 


T^endrin ^oliitp cairier familv membeT* 4 

L/WlI\XLUly OvIlUlC VaXlA^X ACIiXlUlJr^ IXXV/llXk/bl. ^ 


AF030880 


NM 000441 


^FO TT^ NO- 1 


oHv^ lU XNU. iU^ 


rpplin rRFT TM^ 


/ 2^ / X v 


NM 00^04 S 


OHV^ Uu/ XN\J, lU*f 


oCV^ ILi INU: lUD 


intPOTin iilr^lm 1 


woo /*T*f 






lU tH\J» lUO 


ifllf^^f in uijjftu I 










cholesterol 25-hydroxylase 


AF059214 


NM_003956 


SEQ ID NO: 107 


SEQ ID NO: 108 


inhibin beta-B-subunit precursor 


M31682 


NM_002193 


SEQIDNO: 109 


SEQIDNO: 110 


KIAA1233 


AL109724 








pre-D ceil suinuiaung lacxor noinoiogue ^oui* id) 




IN ivi_^iiuuouy 


INU: 1 iz 


SEQ ID NO: 113 


V *iz>rua iveiaiea cai-^ jrroiciii 


HT3704 






obQ ID NO: 114 


anngen laeniineu oy monocioiiaj annoouy xvuvv^ 
OX-2 






cjTjr^ TT\ vr^^. i i <c 
ox^V WU; 1 15 


SEQ ID NO: 116 


apoupoproiem xj 


JUZOX 1 


IN jyi_uu 1 O*!- / 


CTSC\ xv\ xTr\. in 
ocv^ UJ XNU: 11/ 


SEQ ID NO: 118 


1 iivijro, ussue iiiiupiior 01 mainA. 
metaUoproteinases 




IN ivi__uuu:> oz 


oxiV^ INU: 1 ly 


SEQ ID NO: 120 


TIMF3 


U14394 


NM_000362 


duplicate 




oiiieiiyuc acnyar vgcuasc x 




INIVl^UUUOoy 


t^E\^ JU JNU. IZl 


ofc-Q ID NO: 122 


proopc!rO'*'rciaicu nonicouox 1 ^prox 1 ^ 




IN INa^UUZ / 


k>£>V^ uJ IN\JI lz3 


bliQ ID NO: 124 


matrix Gla protein 


AI953789 


NM_000900 


SEQ ID NO: 125 


SEQ ID NO: 126 


neuronal pentraxin II (NPTX2) 


U29195 




SEQ ID NO: 127 


SEQIDNO: 128 


fliscann z \^xiioz ^ 


JV1Z0003 


VnkiT An/to AA 

INm_UUUzUU 




SEQ ID NO: 130 


./vuuju miNiNA lor aauucin-iu£.e proieiny aaaucin o 
(gamma) 


UO / \JD 1 


INXV1_U 1 OoZ4 


c"c/~\ rr\ XT/^. Ill 
oxiV^ "-^ JNLl: lol 


SEQIDNO: 132 


auQuCul D [gammaj 




£sM._jjI Do ah 


duplicate 




iVlAJL'O DOX UallSCnpUUIl ClllUulvCr lacior 

polypeptide C (myocyte enhancer factor 2C) 


T HRRO^ 


XTXyf AA'>'i07 
INJVx^UUZjy / 


oliv ^ INLl: 13J 


oliQ ID NO: 134 


(myocyte enhancer factor 2C) 




iSiVi_jju^^ y / 


aupiicaie 




iYi/iUtj oox wunscTipiioJi Cfinunccr jacior 
polypeptide C (myocyte enhancer factor 2C) 


OJ /ZlZ 


PilM^UUZoy / 


duplicate 




phosphoglucomutase 5 


L40933 


NM_021965 


SEQIDNO: 135 


SEQIDNO: 136 


cyclin £2 


AF102778 


NM_004702 


SEQIDNO: 137 


SEQIDNO: 138 


interleukin 7 (IL7) 


M29053 




SEQIDNO: 139 


SEQIDNO: 140 


interleukin 7 


J04156 


NMJD00880 


duplicate 
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rr»JA nKFZnSRfiT 0120 rfrom clone 
DKFZp586L0120) 


AL050154 






SEQ ID NO: 141 


■n^rnxiQnmp nroliferative activated receotor. 

gamma, PPARG 


L40904 


NM_005037 


SEQ ID NO: 142 


SEQ ID NO: 143 




AA 128249 


NM_001442 


SEQ ID NO: 144 


SEQ ID NO: 145 


proicm Kinase S&Cla 


Z15108 


NM 002744 


SEQ ID NO: 146 


SEQ ID NO: 147 


(CAR) protein 


Y07593 


NM_001338 


SEQ ID NO: 148 


SEQ ID NO: 149 


jtjw^ done isjr*T" / J in. 1 -3 uliiii /i,£j-7-vji,d, 

fingeT-like 


Ar004877 




SEQ ID NO: 150 


SEQ ID NO: 151 


XnyilUUmC AJIlaaC auiuuic 


MI 5205 


NM 003258 


SEQ ID NO: 152 


SEQ ID NO: 153 


inyTniuiTic Kinase i 


K02581 


NM 003258 


duolicate 






AF010112 


NM 004862 


SEQ ID NO: 154 


SEQ ID NO: 155 




JLJ20SJ3 


NM 004862 


dunlicate 






X76488 


NM 000235 


SEQ ID NO: 156 


SEQ ID NO: 157 




U75362 


NM 003940 


SEO ID NO: 158 


SEQ ID NO: 159 


molecule 1 (biliary glycoprotein) CEACAMl 


XI 6354 


NM 001712 


SEQ ID NO: 160 


SEQ ID NO: 161 


DKFZp586D0918) 


AL049370 






SEQ ID NO: 162 


' r%Aj\A\fDjfOy O CCn jSjtWJ aabOClalCU pxuiCXIl 


AB011170 


NM 014863 


SEO ID NO- 163 


SEQ ID NO: 164 


jvrViVLr z ^reccpior ^caiciionia^ acaviiy muQiiyiug 
protein 2) 


AJ001015 

r\j \f\f L\J X-J 


NM 005854 


SEO ID NO' 165 


SEQ ID NO: 166 


cnoiesieryi esier uansicr proicin prccurbui 




NM 000078 


SEO ID NO* 167 


SEQ ID NO: 168 


epiuieiiai mcmoranc proicui z 


IJ52100 

\J ^ X \J\J 


NM 001424 


SEO ID NO- 169 


SEQ ED NO: 170 


chain 


M83664 


NM 002121 


SEQ ID NO: 171 


SEQ ED NO: 172 


A4J4C r>1ns!s: TT 1\}trtnhnr'\}t/y nnficrpn //// A~T^P) hpta 
jviiiK^ %^lu^j 11 lyfrtufiijx^jftc tiriii^t^ii yixi-u^^M^± J 

chcLifi 


M83664 

A WA \J *<r V V 


A^M 002121 


duplicate 






AF106941 


NM_004313 


SEQ ID NO: 173 


SEQ ID NO: 174 


mitntif* rViprknoint Icinase T^iih 1 fBl_JB 1 ^ 


AF053305 


NM_004336 


SEQ ID NO: 175 


SEQ ID NO: 176 


KTAA0229 similar to human ankvrin lfS08275'> 


D86982 




SEQ ID NO: 177 


SEQ ID NO: 178 


Sprouty 1 homolog (antagonist of FGF signaling) 


AF041037 




SEQ ID NO: 179 


SEQ ID NO: 180 


guanine nucleotide exchange factor for Rap 1; M- 
Ras-regulated GEF, KIAA0277 




NM_012294 


SEQ ID NO: 181 


SEQ ID NO: 182 


translin 


X78627 


NM_004622 


SEQ ID NO: 183 


SEQ ID NO: 184 


erythrocyte membrane protein band 4.9 (dematin) 


U28389 


NM_001978 


SEQ ID NO: 185 


SEQ ID NO: 186 
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ITT A AflRdf^ nrntein 


AB020653 


NM_015376 


SEQIDNO: 187 


SEQIDNO: 188 


otia tnskfiirafinii ^SiCtCiT fflMttttiO. 


W07033 


NM_004877 


SEQIDNO: 189 


SEQIDNO: 190 


incnliTi-lilrp crrnwtH factor bindins Drotein 2 
(IGFBP-2) 


XI 6302 


NM_000597 


SEQIDNO: 191 


SEQIDNO: 192 


crvti^rvtVt miicr»1^ nn\7r^Gin VlPSIW pflfllTI isOTnTTTI 

SlliUiJUl IIIUSWIC IIlVVlOlll liC«IVjf VI IP 11 1 A9U1.\/XUA 

Smemb 


S67247 




SEQ ID NO: 193 


SEQ ID NO: 194 


TTG-2 (cysteine rich protein with LIM motif), 
LIM domain only 2 (rhombotin-like 1) 


X61118 


NM_005574 


SEQIDNO: 195 


SEQIDNO: 196 


cyclin B2 


AL080146 


NM_004701 


SEQIDNO: 197 


SEQIDNO: 198 


KIAA0353 


AB002351 




SEQIDNO: 199 


SEQIDNO: 200 


protein) 


AB011131 




SEQ ID NO: 201 


SEQ ID NO: 202 


-nT-rkf^ai-n r»/Min1^H T^n^ntrtT* f^lTlll'V OTfntn 

member B 


AC004131 


NM_0 16235 


SEQ ID NO: 203 


SEQ ID NO: 204 


member B 


AI80I872 


NM 016235 


duplicate 


duo 


r^'R'PAA rr>\7r*1ir> A^^l^-rp^nnn^ive element 

modulator beta isoform) 


S68134 


NM_001881 


SEQ ID NO: 205 


SEQ ID NO: 206 


^yi.JvDJKl lC"VC'*ft» ^ir2J^*"r C-O^t/ffaJiKC ^ccrric/»» 

modulator beta isoform) 


S68134 


NM_00I88I 


duplicate 


duo 


modulator beta isoform) 


S68271 


NMJ)0I88I 


duplicate 


dup 


hypothetical protein FLJ131 10 


AL080222 


NM_022912 


SEQ ID NO: 207 


SEQ ID NO: 208 


inositol(myo)-l(or 4)-monophosphatase 2 


AF014398 


NM_014214 


SEQ ID NO: 209 


SEQIDNO: 210 


KIAA0937 protein 


AB023154 




SEQ ID NO: 211 


SEQ ID NO: 212 


llJltOuv SpiTigiv vdlivU^'Uil Iwiaivu piVFiviu 


AF063308 


NM 006461 


SEQ ID NO: 213 


SEQIDNO: 214 


i^'\Totair\£% on/I ctixr/^in^—rit^n mTt\t^\t% 7 ■t^SRPx 1 

cysicine ana giycinc-nujipiciiciii z. ^ j 


U57646 


NM 001321 


SEQ ID NO: 215 


SEQIDNO: 216 


topoisomerase (DNA) U alpha (170kD) 


AI375913 


NM_001067 


SEQ ID NO: 217 


SEQ ID NO: 218 


DNA topoisomerase II 


J04088 


NMJ)0I067 


duplicate 


dup 


protein phosphatase inhibitor 2 (PPP1R2) 


U68111 




SEQ ID NO: 219 


SEQ ID NO: 220 




D80008 


NM_021067 


SEQIDNO: 221 


SEQ ID NO: 222 


Hi 1 a 1 . cnpr i fi r i tv tvrfi<ii ne«.r Y^-nhosohorvlation 
regulated kinase 3 (Dyrk3) 


Y12735 


NM_003582 


SEQ ID NO: 223 


SEQ ID NO: 224 


IriripQin Jilrp onindle nrotein HKSP rfnCSP"^ 


U37426 


NM_004523 


SEQ ID NO: 225 


SEQ ID NO: 226 


huntingtin-associated protein interacting protein 
(duo) 


U94190 


NM_003947 


SEQ ID NO: 227 


SEQ ID NO: 228 


diubiquitin 


AL031983 


NM_006398 


SEQ ID NO: 229 


SEQ ID NO: 230 


bikunin, serine protease inhibitor, Kunitz type, 2 


U78095 


NM_021102 


SEQIDNO: 231 


SEQIDNO: 232 
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cytochrome P-450-1 (TCDD-inducible) 


K03191 


NM_000499 


SEQIDNO; 233 


SEQ ID NO: 234 


cytochrome P(I)-450 


X02612 


NM_000499 


duplicate 


dup 


KIAA0513 




NM_014732 


SEQIDNO: 235 


SEQIDNO: 236 


protein phosphatase inhibitor 2 (PPP1R2) 


U68111 




dupUcate 




RAMPS (receptor (calcitonin) activity modifying 
protein 3) 


AJ001016 


>JM_005856 


SEQIDNO: 237 


SEQIDNO: 238 


B-myb 


X13293 


NM_002466 


SEQ ID NO: 239 


SEQIDNO: 240 


KIAA0952 


AB023169 


NM_014962 


SEQIDNO: 241 


SEQ ID NO: 242 


interferon stimulated gene (20kD), HEM4S 


U88964 


NM_002201 


SEQIDNO: 243 


SEQ ID NO: 244 


GS3955 


D87119 


NM_021643 


SEQ ID NO: 245 


SEQ ID NO: 246 


GS3955 


D87119 


NMJ)2I643 


duplicate 


dup 


GRB2-related adaptor protein (Grap) 


U52518 


NM_006613 


SEQ ID NO: 247 


SEQ ID NO: 248 


KIAA1071 protein 


AB028994 




SEQ ID NO: 249 


SEQ ID NO: 250 


RNA-binding protein gene with multiple splicing^ 
RBP-MS/type 5 


D84111 


NM_006867 


SEQIDNO: 251 


SEQIDNO: 252 


RNA-binding protein gene with multiple splicing, 
RBP'MS/type 5 


D84111 


NMJ)06867 


duplicate 


dup 


RBP-MS/type 4, RNA-binding protein gene with 
multiple splicing 


D84110 


NM_006867 


duplicate 




RBP'MS/type 4, RNA-binding protein gene with 
multiple splicing 


D841I0 


NMJ)06867 


duplicate 


dup 


RBP-MS/type 3, RNA-binding protein gene with 
multiple splicing 


D84I09 


NMJ)06867 


duplicate 


dup 


alpha-actinin-2-associated LIM protein 


AF002282 


NM_014476 


SEQIDNO: 253 


SEQIDNO: 254 


semaphorin-III (Hsema-I), semaphorin 3 A 


L26081 


NM__006080 


SEQ ID NO: 255 


SEQIDNO: 256 


IQ motif containing GTPase activating protein 2 


U51903 


NM_006633 


SEQIDNO: 257 


SEQ ID NO: 258 


Arrestin, Beta 2 


HG2059- 
HT2114 




duplicate 




retinoblastoma-associated protein H£C 


AF017790 


NM_006101 


SEQ ID NO: 259 


SEQ ID NO: 260 


LIM domain binding protein (LDBl) 


AF052389 


NM_001290 


SEQ ID NO: 261 


SEQ ID NO: 262 


dual specificity phosphatase 5 


U15932 


NM_004419 


SEQIDNO: 263 


SEQIDNO: 264 


Homo sapiens cDNA 3', mRNA sequence 


AI557322 






SEQIDNO: 265 


monoamine oxidase A (MAOA) 


M68840 


NM_000240 


SEQ ID NO: 266 


SEQIDNO: 267 


monoamine oxidase A 


AA420624 


NMJ)00240 


duplicate 
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NECDIN related protein 


U35139 


NM_002487 


SEQ ID NO: 268 


SEQ ID NO: 269 


regulatory solute carrier protein, family 1, 
member 1 


X82877 


NM_006511 


SEQ ID NO: 270 


SEQ ID NO: 271 


TTK protein kinase 


M86699 


NM_003318 


SEQ ID NO: 272 


SEQ ID NO: 273 


fins-related tyrosine kinase 4, VEGFR-3 


X69878 


NM_002020 


SEQ ID NO: 274 


SEQ ID NO: 275 


TSC403, similar to lysosome-associated 
menibrane glycoprotein 


AB013924 


NM_014398 


SEQ ID NO: 276 


SEQ ID NO: 277 


HMG.2 


X62534 




SEQ ID NO: 278 


SEQ ID NO: 279 


Homo sapiens clone 24416 mRNA sequence 


AF052159 




SEQ ID NO: 280 


SEQ ID NO: 281 


calcitonin receptor-like 


L76380 


NM_005795 


SEQ ID NO: 282 


SEQ ID NO: 283 


KIAA0582 protein 


AI761647 


NM_015147 


SEQ ID NO: 284 


SEQ ID NO: 285 


cDNA DKFZp434B102 (from clone 
DKF2p434B102) 


AL080192 






SEQ ID NO: 286 


cDNA DKFZp586G1922 (from clone 
DKFZp586G1922) 


AL080110 




SEQ ID NO: 287 


SEQ ID NO: 287 


Acyl-CoA synthetase 3 


D89053 


NM_004457 


SEQ ID NO: 288 


SEQ ID NO: 289 


fatty-acid'Coenzyme A ligase, long-chain 3 


AA977580 


NMJ)04457 


duplicate 




STAT induced STAT inhibitor-2 


AF037989 




SEQ ID NO: 290 


SEQ ID NO: 291 


Homeotic Protein Hox5.4 


HG3502- 
HT3696 






SEQ ID NO: 292 


hypothetical protein FLJ13910, cDNA 
DKFZp586M141 (from clone DKFZp586M 141) 


AL05pl39 


NM_022780 


SEQ ID NO: 293 


SEQ ID NO: 294 


cDNA DKFZp586N012 (from clone 
DKFZp586N012) 


AL049471 






SEQ ID NO: 295 


UbcHlO, ubiquitin carrier protein E2-C 


U73379 


NM__007019 


SEQ ID NO: 296 


SEQ ID NO: 297 


cyclin-dependent kinase inhibitor 3, protein 
tyrosine phosphatase (CIP2) 


L25876 


NM_005192 


SEQ ID NO: 298 


SEQ ID NO: 299 


glycogen phosphorylase (PYGL) 


AF046798 




SEQ ID NO: 300 


SEQ ID NO: 301 


Angiopoietin-2 


AF004327 


NM_001147 


SEQ ID NO: 302 


SEQ ID NO: 303 


Angiopoietin-2 


AF004327 


NMJ)01147 


duplicate 


dup 


forkhead box Ml 


U74612 


NM_021953 


SEQ ID NO: 304 


SEQ ID NO: 305 


potentially prenylated protein tyrosine 
phosphatase bPRL-3 


AF041434 


NM_007079 


SEQ ID NO: 306 


SEQ ID NO: 307 


RAB3 1 , Low Mr GTP-binding protein of tbe Rab 
subfamily 


U59877 


NM__006868 


SEQ ID NO: 308 


SEQ ID NO: 309 


RAB3I, member RAS oncogene family 


AI189226 


NMJ)06868 






myosin VIIA 


U39226 


NM_000260 


SEQ ID NO: 310 


SEQ ID NO: 311 


Grb2-associated binder- 2, docking protein related 
toIRS-1 


U43885 


NM_002039 


SEQ ID NO: 312 


SEQ ID NO: 313 
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laminBl 


L37747 




SEQIDNO:314 


SEQ ID NO: 315 


minichromosome maintenance deficient (mis5, S. 
pombe) 6 HsMcm6 


D84557 


NM_005915 


SEQroNO:316 


SEQ ID NO: 317 


cyclinBl 


M25753 






SEQ ID NO: 318 


cyclin Bl 


M25753 




duplicate 


dup 


RTP, N-myc downstream regulated 


D87953 


NM_006096 


SEQroNO:319 


SEQIDNO: 320 


alpha2,3-sialyltransferase 


AB022918 


>JM_006100 


SEQEDNO: 321 


SEQ ID NO: 322 


ADP-ribosylation factor-like protein 4 


U73960 


NM 005738 


SEO ID NO- 323 


SEO ID NO- 324 


centromere Drotein F f350/400kD mitosin^ 


U30872 


NM 016343 


SEO ID NO- 325 


SEO ID NO- 326 


paternally expressed 10, KIAA1051 


AB028974 


NM_015068 


SEQIDNO: 327 


SEQIDNO: 328 


tubulin, alpha 1 (testis specific) 


X06956 




SEQIDNO: 329 


SEQ ID NO: 330 


KIAAOlOl 


D 14657 


NM 014736 


SEO ID NO- 331 


SFO ID NO- 332 


KIAA0128, septin 2 


D50918 




SEO ID NO- 333 


SEO ID NO- 334 


protein phosphatase 2, regulatory subunit B (B56), 
gamma 


Z69030 


NM_002719 


SEQIDNO: 335 


SEQIDNO: 336 


deoxycytidine kinase 


M60527 


NM_000788 


SEQ ID NO: 337 


SEO ID NO- 338 


integrin beta 3 binding protein (beta3-endonexin) 


1137139 


NM__014288 


SEQIDNO: 339 


SEQIDNO: 340 


TALI (SCL) interrupting locus 


M74558 


NM_003035 


SEQ ID NO: 341 


SEQ ID NO: 342 


KIAA0666 


AB014566 




SEQ ID NO: 343 


SEQIDNO: 344 


cAMP-specific phosphodiesterase 8 A, PDE8A1 


AF056490 




SEO ID NO- 345 


SEO ID NO- 346 


mitotic checkpoint kinase M ad3L (MAD3L), 
BUBIB 


AF053306 


NM_001211 


SEQIDNO: 347 


SEQIDNO: 348 


ribosomal S6 kinase 


X85106 


NM_021135 


SEQ ID NO: 349 


SEQIDNO: 350 


HPT? epsilon (protein tyrosine phosphatase 
epsilon) 


X54134 


NM_.006504 


SEQIDNO: 351 


SEQIDNO: 352 


Lyn tyrosine kinase, v-yes-1 Yamaguchi sarcoma 
viral related oncogene homolog 


M79321 


NM_^002350 


SEQ ID NO: 353 


SEQIDNO: 354 


lyn tyrosine kinase, v-yes-I Yamaguchi sarcoma 
viral related oncogene homolog 


Ml 6038 


NM_002350 


duplicate 




lyn tyrosine kinase 


M160S8 


NMJ)02350 


duplicate 




brachyury variant A (TBXl), T-box 1 
transcription factor 


AF012130 


NM_005992 


SEQ ID NO: 355 


SEQ ID NO: 356 


mki67a mRNA (long type) for antigen of 
monoclonal antibody Ki-67 


X65550 


NM_002417 


SEQIDNO: 357 


SEQ ID NO: 358 


protein tyrosine phosphatase receptor pi (FTPRP) 


U81561 


NM_002847 


SEQ ID NO: 359 


SEQ ID NO: 360 


cbl-b 


U26710 


NM_004351 


SEQIDNO: 361 


SEQ ID NO: 362 


Cyclin A2 


X51688 


NM_001237 


SEQ ID NO: 363 


SEQIDNO: 364 
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nucleoside phosphorylase 


X00737 


NM_000270 


SEQ ID NO: 365 


SEQ ID NO: 366 


TNF-related apoptosis inducing ligand TRAIL 


U37518 


NM_003810 


SEQIDNO:367 


SEQ ID NO: 368 


phosphodiesterase 4B, cAMP-specific 


L20971 


NM_002600 


SEQ ID NO: 369 


SEQ ID NO: 370 


nidogen (enactin) 


M30269 


NM_^002508 


SEQ ID NO: 371 


SEQ ID NO: 372 


HYA22 protein 


D88153 


NM_005808 


SEQ ID NO: 373 


SEQ ID NO: 374 


phosphatidic acid phosphatase type 2A 


AF014402 


NM_003711 


SEQ ID NO: 375 


SEQ ID NO: 376 


KIAA0512, ALEX2 


ABO 11 084 


NM_014782 


SEQ ID NO: 377 


SEQ ID NO: 378 


thromboxane A2 receptor 


D38081 


NM__001060 


SEQ ED NO: 379 


SEQ ID NO: 380 


trefoil factor 3 (intestinal) 


AI985964 


NM_003226 


SEQ ID NO: 381 


SEQ ID NO: 382 


G-2 and S-phase e?^ressed 1 


AL031588 


NM_016426 


SEQ ID NO: 383 


SEQ ID NO: 384 


ADP-ribosyltransferase (NAD+; poly (ADP- 
ribose) polymerase)-like 2 


AJ236876 


NM_.005484 


SEQ ID NO: 385 


SEQ ID NO: 386 


serine/threonine kinase 12 


AF015254 


NM_004217 


SEQ ED NO: 387 


SEQ ID NO: 388 


Tubulin, Alpha 1, Isoform 44 


HG2259- 
HT2348 




duplicate 




lamin B recq^tor 


L25931 


NM_002296 


SEQ ID NO: 389 


SEQ ID NO: 390 


KIAA0429 


AB007889 


NM_014751 


SEQ ID NO: 391 


SEQ ID NO: 392 


transcription factor 4 


M74719 


NM_003199 


SEQ ID NO: 393 


SEQ ID NO: 394 


syndecan 3 (N-syndecan), KIAA0468 


AB007937 


NM_014654 


SEQ ID NO: 395 


SEQ ID NO: 396 


RECK protein precursor 


AA099265 


NM_0211I1 


SEQ ID NO: 397 


SEQ ID NO: 398 


Putative prostate cancer tumor suppressor 


U42349 


NM_006765 


SEQ ID NO: 399 


SEQ ID NO: 400 


protein phosphatase 1, regulatory (inhibitor) 
subunit 


AB020630 




SEO ID NO- 401 


SEO ID NO' 402 


PDZ and LJM domain 1 (elfin) 


U90878 


NM_020992 


SEQ ID NO: 403 


SEQ ID NO: 404 


hypothetical protein from clone 643 


AF091087 


NM_020467 


SEQ ID NO: 405 


SEQ ID NO: 406 


p53-regulated DDA3 


AA926959 






SEQ ID NO: 407 


KIAA0062 


D31887 




SEQ ID NO: 408 


SEQ ID NO: 409 


medixmi-chain acyl-Co A dehydrogenase 


M91432 




SEQ ID NO: 410 


SEQ ID NO: 411 


gap junction protein, alpha 1, 43kD (connexin 43) 


M65188 


NM_000165 


SEQ ID NO: 412 


SEQ ID NO: 413 


MyoD family inhibitor 


U78313 


NM_005586 


SEQ ID NO: 414 


SEQ ID NO: 415 
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endo/exonuclease Mrel 1 (MREl 1 A) 


AF073362 


NM_005591 


SEQIDNO:416 


SEQ ID NO: 417 


nuclear receptor subfamily 2, group F, member 1 


X16155 


NM_005654 


SEQIDNO:418 


SEQ ID NO: 419 



Table 15 



Sequence identifiers for sequences in Table 4 





accession 
numbers 


aa SEO ID 
NO: 


nt SEQ ID 
NO: 


p27 ixiRNA, interferon alpha- 
inducible protein 27 


X67325 


NM_005532 


420 


421 


ribonuclease A (RNase A), 
pancreatic 


D26129 


NM_002933 


422 


423 


hematopoietic neural membrane 
protein (HNMP-1) 


U87947 


NM_001425 


424 


425 


N-cadherin 


M34064 


NM_001792 


426 


427 


N-cadherin 


M34064 


NM_q01792 


duplicate 




interleukin 8 (IL8) 


M28130 


NM_000584 


428 


429 


interleukin 8, beta-thromboglobulin- 
like protein precursor 


Ml 701 7 


NM_000584 


430 


431 


tyrosine kinase receptor (axl) 


M76125 


NM_001699 


432 


433 




HG162- 
HT3165 




duplicate 




cell surface glycoprotein CD44 
(CD44) 


L05424 




434 


435 


cell aanesion molecule (%^U44j 


M59040 


NMJ100610 


duplicate 




hyaluronate receptor (CD44) 


L05424 




duplicate 




vascular endothelial growth factor 
related protein VRP, VEGF-C 


U43142 


NM_005429 


436 


437 


Vascular endothelial growth factor 
C 


X94216 


NMJ)05429 


duplicate 




collagen type XIII, alpha 1 
(=COL4A2) 


M33653 


NM_005203 


438 


439 


collagen type XIII, alpha- 1 


M59217 


NMJ)05203 


duplicate 




collagen alpha-2 type I 


K01079 






440 


collagen alpha-2 type I 


K0I079 




duplicate 




collagen, type I, alpha 2 


V00503 


NMJ)00089 


duplicate 




proteoglycan 1 


X17042 


NM_002727 


441 


442 
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phospholipase A2, group IV A, 
calcium-dependent phospholipid- 
binding protein (PLA2) 


M72393 




443 


444 


carbohydrate (keratan sulfate Gal-6) 
sulfotransferase 


AB003791 


NM_003654 


445 


446 


tropomyosin 2 (beta), fibroblast 
tropomyosin 


M12125 


NM_003289 


447 


448 


chondroitin sulfate proteoglycan 2 
(versican) 


X15998 


NM_004385 


449 


450 


chondroitin sulfate proteoglycan 2 
(versican) 


X15998 


NM_004385 


duplicate 




latent transforming growth factor- 
beta binding protein (LTBP-2) 


731916 


NM_000428 


451 


452 


interleukin 6 (interferon, beta 2) 


X04430 


NM_000600 


453 


454 


bone morphogenetic protein-4 
(hBMP-4) 


U43842 


NM__001202 


455 


456 


bone morphogenetic protein 2B, 
BMP'4 


M22490 


NMJ)01202 


duplicate 




sarcolectin, keratin 7 


AJ238246 


NM_005556 


457 


458 


neuronal cell adhesion molecule, 
KIAA0343 


A 15 An '> 'J ill 


JNiVl_UUDU 1 U 


459 


460 


neuronal cell adhesion molecule, 
hBRA VO/Nr-CAM precursor 




ATAjf n/i</itn 
rfM^JJUD UJ U 


duplicate 




matrix metalloprotemase 1 
(interstitial collagenase), skin 
collagenase 




IN JW_UUZ*IZ I 


461 


462 


stem cell factor, KIT ligand 


M59964 


NM_000899 


463 


464 


uPA 


X02419 


NM_002658 


465 


466 


plasminogen activator inhibitor-! 


J03764 


NM_000602 


467 


468 


plasminogen activator inhibitor 1 


M14083 


NMJ)00602 


duplicate 




selectin P, CD62, granule membrane 
protein- 140 (GMP- 140) precursor 


M25322 


NM_003005 


469 


470 


latrophilin-2 


AJ131581 


NM_012302 


471 


472 


actin, alpha 2 


X13839 


NM_001613 


473 


474 


fibroblast activation protein, alpha 


U09278 


NM_004460 


475 


476 


regulator of G-protein signalUng 20 


AF060877 


NM_003702 


477 


478 


IGF-n mRNA-binding protein 3 


U97188 


NM_006547 


479 


480 


retina cDNA randomly primed 
sublibrary, EST 


W28438 






481 


brain acid-soluble protein 1 , 
neuronal tissue-enriched acidic 


AF039656 


NM_006317 


482 


483 
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protein (NAP-22) 










profilin 2 


AL096719 


NM_002628 


484 


485 


profilin 2 


110678 


NMJ)02628 


duplicate 




Na,K-ATPase beta-1 subunit 


U16799 


NM_001677 


486 


487 


Claudin-7 


AJ011497 


NM_,001307 


488 


489 


nonnal gingiva 


U51712 






490 


a disintegrin and metalloproteinase 
domain 23 


AB009672 


NM_003812 


491 


492 


COL8A1 mRNA for alpha 1(VIII) 
collagen 


X57527 


NM_001850 


493 


494 


signal transducer and activator of 
transcription 6 (STAT6) 


AF067575 




495 


496 


transcription factor IL-4 Stat, 
STAT6 


U 10031 


NM_Uu3153 


duplicate 




lipocortin-in, annexin A3 


M20560 


NM_005139 


497 


498 


intercellular adhesion molecule 1 
(CD54), major group rhinovirus 
receptor precusor 


M24283 


NM_000201 


499 


500 


solute carrier family 1 
(neuronal/epithelial high affinity 
^Iiitamate traiTiiiortei* sv*5teTn 3Cap^ 


U08989 


NM_004170 


501 




solute carrier family 1 
(neuronal/epithelial high affinity 
glutamate transporter, system Xag) 


AI928365 


NMJ)04170 


duplicate 




p53 inducible protein 






503 




dihydropyrimidine dehydrogenase, 
DPYD 


U20938 


NM_000110 


505 


506 


natural killer cell transcript 4 


AA631972 


NM_004221 


507 


508 


PFTAIRE protein kinase 1 , 
KIAA0834 


AB020641 . 


NM_012395 


509 


510 


RGP4, regulator of G-protein 
signalling 4 


U27768 


NM_005613 


511 


512 


regulator of G-protein signalling 4 


AI267373 


NM_005613 


duplicate 




Oncogene Amll-Evi-l, Fusion 
Activated 


HG4058- 
HT4328 




513 


514 


Oncogene Atnll-Evi-l , Fusion 
Activated 


HT4328 




duplicate 




2 


NQ075S 




515 


516 


clusterin (con^lement lysis 
inhibitor, SP^0,40, sulfated 
glycoprotein 2, apolipoprotein J) 


M25915 


NM_001831 


517 


518 


ADP ribosylation factor-like 7 


AB016811 


NM_005737 


519 


520 
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VJ €antnr ^<^nTnn1eTnent^*<'1i1ce 1 


M65292 


NM 002113 


521 


522 


T^'MA Vi^1ir*nQf*-rp1ate(l nrntein 
metallothionein-If 


H68340 


NM 007372 


523 


524 


kDa) Staf50 


X82200 


NM 006074 


525 


526 




IJ04636 


NM 000963 


527 


528 


GROl oncogene, melanoma growth 
stimulatory activity (MGSA) 


X54489 


NM_001511 


529 


530 


NRGN, neurogranin 




1N1V1_UV/U I/O 


531 


532 


homologue of mouse dkk-1 


A 15 AO All ^ 




533 


534 


gastrointestinal tumor-associated 
antigen GA733-1, tumor-associated 
calciiun signal transducer 2 


J04152 


NM_002353 


535 


536 


laminiu 






537 


538 


iransgciui, ^z-issja, smuoui mubcie 
protein (SM22) 


1V17^ / O / 


>JM 00*^1^6 


539 


540 


gene envoumg ct mtmocyic 
secretory protein 






541 


542 






NM 006352 


543 


544 


Cauiepsm ^ 


VR79 1 9 


NM 001X14 


545 


546 


tissue type piaailllllvi^CU cti^UVaivU ^i' 

PA) 




NM 000930 


547 


548 


susni-repeai proiein 






549 


550 


annexm /vo 




TsJM 001 1SS 


551 


552 


cprinnrii 




>JM 004490 


553 


554 






A/^/W 004470 


duplicate 




11*12*1^ ISOIOllii ^uallSUixpilUIl laClOr 

EC) 




>JM 0199S9 


555 


556 


small inauduic cyiuiunc rxz-y 
(monocyte chemotactic proteinl) 






557 


558 


(monocyte chemotactic protein 1) 




002982 


duplicate 




cniMJUiciiai veil piviciu \^jnLL^\^ 

receptor (EPCR) 




NM 006404 


559 


560 


transglutaminase 2 (TGase) 


M55153 


NM_004613 


561 


562 


transglutaminase (TGase) 


M55153 


NM_004613 


duplicate 




human metallothionein-If 


M10943 




563 


564 


transforming growth factor beta- 
induced (BIGH3) 


M77349 


NM_000358 


565 


566 
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EN02 gene for neuron specific 
(gamma) enolase 


X51956 




567 


568 


FAT tumor suppressor (Drosophila) 
homolog 


X87241 


NM_005245 


569 


570 


malignant cell expression-enhanced 
gene/tumor progression-enhanced 
gene 


S82470 


NM_024298 


571 


572 


malignant cell expression-enhanced 
gene/tumor progression-enhanced 

gene 


S82470 


NM_024298 


duplicate 


574 


cDNA DKFZp566G0746 (from 
clone DKFZp566G0746) 


AL050078 






575 


lysyl oxidase-like 2 


U89942 


NM_002318 


576 


577 


ras-related C3 botminum toxm 
substrate 2 (rho family, small GTP 
hiTiHinfT ■nrotein Rac2^ 






578 


579 


endothelial leukocyte adhesion 
molecule 1 (ELAM-1), selectin E 


M24736 


NM_000450 


580 


581 


laminin, alpha 5, KIAA0533 


AB011105 




582 


583 


placenta growui lacior ^jtivjx* ) 






584 


585 


ALL! -fused gene from chromosome 
Iq, AFlq 


U16954 


NM_006818 


586 


587 


stromelysin-2, MMP- 1 0 


X07820 


NM_002425 


588 


589 


metallothionein-I-A 


K01383 




590 


591 


collagen VI alpha- 1 


X15880 




592 


593 


mad protein homolog (hMAID-3) 


uoouiy 


iNJvi_uu jyuz 


594 


595 


mad protein homolog (hMAD-3) 


U68019 


NM_005902 


duplicate 




mad protein homolog (hMAD-3) 


U68019 


NM_005902 


duplicate 




integral membrane protein 2A 


AL021786 








interleukin 1 receptor-like 1 


D12763 


NM_003856 


jy 1 


coo 


high-mobility group (nonhistone 
nVirmnnQnTinal^ "nrotein i^mfnnn T-C! 

(HMGI-C) 


X92518 




599 


600 


epidermal growth factor receptor 
kinase substrate (EpsS) 


U12535 


NM_004447 


601 


602 


lactate dehydrogenase B 


X13794 


NM_002300 


603 


604 


mRNA for unknown product 


D29810 




605 


606 


VivnntViptical nrotein 

DKFZp564D0462 


AL033377 






607 


lysyl hydroxylase isoform 2 
(PLOD2) 


U84573 


NM_000935 


608 


609 


foUistatin-like 3, foUistatin-related 
protein (FLRG) 


U76702 


NM_005860 


610 


611 
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Momo sapiens clone 24674 mRNA 
sequence 


AF070578 






612 


L-iditol-2 dehydrogenase 


L29254 




613 


614 


neuronal pentraxin 1 


U61849 


NM_002522 


615 


616 


hypothetical protein from clones 
23549 and 23762 


U90908 


NM_021226 


617 


618 


UDP-N-acetylglucosamine 
pyrophosphorylase 


AB011004 


NM_003115 


619 


620 


zinc finger protein 1 85 (LIM 
domain) 


Y09538 


NM 007150 


621 


622 


four and a half LIM domains 2, 
heart protein (FHL-2) 


U29332 


NM_001450 


623 


624 


mitogen-activated protein kinase- 
activated protein kinase 3, 
MAPKAP kinase (3pK) 


U09578 


NM_004635 


625 


626 


metallothionein IE (functional) 


R92331 






627 


TU3 A protein 


AF035283 


NM_007177 


628 


629 


metallothionein IH 


R93527 


NM 005951 


630 


631 


guanylate binding protein isoform II 
(GBP-2) 


M55543 


NM_004120 


632 


633 


soluble vascular endothelial cell 
growth factor receptor 1 (sVEGFR- 
1) 


U01134 


NM_002019 


634 


635 


R-Ras 






636 


637 


R-ras 


M14949 




638 


639 


creatine transporter (SLC6A8), 
solute carrier family 6, member 8 


U36341 


NM 005629 


640 


641 


target of mybl (chicken) homolog. 
Heme Oxygenase 1 (HO-1) 


Z82244 


NM_005488 


642 


643 


procollagen-lysine, 2-oxoglutarate 

5-dioxygenase, lysyl hydroxylase 
(PLOD) 


L06419 


NM_000302 


644 


645 


iaAA0836 


AB020643 




646 


647 


cDNA DKFZp434C171 (from clone 
DKFZp434C171) 


AL080169 




648 


649 


IL-4-R mRNA for the interleukin 4 
receptor 


X52425 


NM_000418 


650 


651 


chemokine (C-C motif) receptor- 
like 2 (CCRL2), chemokine receptor 
X(CKRX) 


AF014958 


NM_003965 


652 


653 


phospholipase C» beta 3 
(phosphatidylinositol-specific) 


Z16411 


NM_000932 


654 


655 


LIM domain protein 


X93510 


NM_003687 


656 


657 


protein kinase (cAMP-dependent, 
catalytic) inhibitor beta 


M34181 


NM_002731 


658 


659 


rho GDP-dissociation Inhibitor 2 


X69549 


NM_001175 


660 


661 
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candidate 




NM 007184 


662 


663 


pOiiOViTVis rci*cpivii 


X64116 


NM 006505 


664 


665 


pOllOvlrUS r*iL.^piur 




NM 006505 


duplicate 




lIillllcQlalC Caiiy rc&pviii&c J 




NM 003897 


666 


667 


metallothionein 2A 




NM 005953 


668 


669 


tropomyosin 1 (alpha) 




NM 000^66 


670 


671 


tropoTnyosift 1 (alpha) 






duplicate 




tropoTtiyosift 1 (alpha) 






duplicate 




1 KAjyi-iiKc proieui 


T%'\ 1 7/\9 
1 / oz 


"MM 019988 


672 


673 


uDiquion iigasc oj^uivrz 






674 


675 


cvj-T'Coniaining iiduiui-xik6 
extracellular matrix protein 1 




NM 004105 


676 


677 


vj proieui-coupieu recepior 






678 


679 


c-jun proto oncogene (JUN) 


J04111 


NM_002228 




DO 1 


regulator of G-protein signalling 10, 


AF045229 


NM_002925 




ooo 


amyloid beta (A4) precursor 
nrntRin-hindiTiP' fkmilv Tneniher 
2 (Fe65-like) 


U62325 




684 


685 


ras-reiaiea rno proicui 


Vf 1 oi 74. 




686 


687 


proteasome (pro some, macropain) 
26S subimit, non-ATPase, 10 


AT A'^l 177 
J\MJUD lift 




688 


689 


ITT A 


ARoi 1 1 no 


NM 014R40 


690 


691 


lySOSOme-aSSOClaieu UlCIIlDIallC 

protein-2 


Y771 Qf\ 


NM 002294 


692 


693 


pnospnoiipiu uaiibicr prviiciii 


T 9fi9'^9 


NM 006227 


694 


695 


iN-rnyrisioyAuaiJiicrabc z. 




NM 004X08 


696 


697 


pnospnou uciuJuLiiaoc ^xrr^jviyiy ■ 




NM 000289 


698 


699 


inteerin beta 4 


X53587 


NM_000213 


700 


701 


leupaxin 


AF062075 


NM_004811 


702 


703 


endothelin-converting-enzyme 1 


Z35307 


NM_001397 


704 


705 
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wild-type p53 activated fragment- 1 
(WAFl), cyclin-depcndent kinase 
inhibitor lA (p21, Cipl) 


U03106 


NM_000389 


706 


707 


ICAM-2, cell adhesion ligand for 
LFA-l 


X15606 


NM 000873 


708 


709 


ICAM-2, cell ddhssion ligand for 
LFA-l 


XI5606 


NM 000873 


duplicate 




(ICAM-2) 


M32334 




710 


711 


eulcarvotic tratmlalioTi initiatioii 

factor 2B, eIF-2B beta subunit 


AF035280 


NM 014239 

X^XYX VX~^«/^ 


712 


713 






NM 00'^ 364 


714 


716 


integrin, beta 5 


X53002 


NM_002213 


716 


717 


N-sulfoglucosamine sulfohydrolase 
(sulfamidase) 


U30894 


NM_000199 


718 


719 


synaptojanin 2 


AF039945 




720 


721 


tri^fstltrbf'liirkTiPi'n IT 






722 


723 


mstcTCitihsec canning nmtein 
gelsolin-like 


M94345 


NM 001747 


724 


725 


HSPP022 nrotein 


W68830 


NM 014029 


726 


727 


Human clone 1 '^7308 mRNA 
partial cds 


AW006742 




no 


728 


nrntocadherin 42 Pd42 
protocadherin 1 (cadherin-like 1) 


T 1 1370 


NM 007 S87 


729 


730 


protein 2 (CLARP2) 


AF00S77S 


NM 003870 


731 


732 


protein 2 (CLARP2) 




A^A>f nO^R7Q 
lyivi i/i/jo/J^ 


duplicate 




maior vault T>"rot**iTi Irn 




NM 00^ 1 1 ^ 


733 


734 


T*^r\c(\f\\ flfieiTiia • c^nnrinlpm^ntatinn 

group G 


Ar'004472 


TNJM 004629 


735 


736 


prion protein (PrP) 


U29185 


NM_000311 


737 


738 


interferon-stimulated protein, 15 
kDa 


AA203213 


NM_005101 


739 


740 


serine (or cysteine) proteinase 
inhibitor, clade B (ovalbumin), 
cytoplasmic antiproteinase 2 
(CAP2) 


L40377 


NM.002640 


741 


742 




J04599 


NM 001711 

X^XVX VrVX # X X 


743 


744 


chemokine (C-X-C motif), receptor 
4 (fusin) 


L06797 


NM_003467 


745 


746 


ubiquitin carboxyl-terminal esterase 
LI (ubiquitin thiolesterase) 


X04741 


NM_004181 


747 


748 


KIAA0469 


AB007938 


NM_014851 


749 


750 
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TNF (ligand) superfamily, member 
4 (tax-transcriptionally activated 
glycoprotein 1, 341cD) 






751 


752 


KIAA1053 


AB028976 




753 


754 


jNAUl i ixi-quiiiunc oxircuut^uioc 


iVlO 1 




755 


756 


sushi-repeat-containing protein 


U61374 


NM_006307 


757 


758 


integrin, alpha 5 


X06256 


NM_002205 


759 


760 


enigma (LIM domain protein) 


L35240 


NM_005451 


761 


762 


prtnmir*1pn<sifle trinlin^tnliate 

diphosphohydrolase 1 


AJ133133 


NM 001776 


763 


764 


U tl 1 1^ X LUXM,iX^ V V¥ IXl ACtW %J\^ 

(tgf-beta), bone morphogenetic 
protein 6 


M60315 


NM 001718 


765 


766 


transforming growth factor-beta 
(tgf-beta), bone morphogenetic 
protein 6 


M603J5 


NMJ)01718 


duplicate 




nicotinamide N-methyltransferase, 
NNMT 


U08021 


NM_006169 


767 


768 


cDNA DKFZp564J0323 (from 
clone DKFZp564J0323) 


AL049957 




no 


769 


thioredoxin reductase beta 


AB019694 


NM_006440 


770 


771 


f-box and leucine-rich repeat protein 

2 


AL049953 




772 


773 


transcobalamin II (TCN2) 


L02648 


NM_000355 


774 


775 


aldehyde dehydrogenase 2, 
mitochondrial 






776 


777 


Lj 1 ir-Dmamg proiein ragr> 




rN iVX_MvOvO*t 


778 


779 


lynq)hocyte antigen 75 


AF011333 


NM_002349 


780 


781 


GM2 activator protein 


X62078 




782 


783 


type 3 inositol 1,4,5-trisphosphate 
receptor (ITPR3) 


U01062 


NM_002224 


784 


785 


KIAA0284 


AI828210 




no 


786 


metallothionein I-B 


M13485 




787 


788 


BTG2 


U72649 


NM_006763 


789 


790 


adenylate kinase 1 


J04809 


NM_000476 


791 


792 


tumor necrosis factor receptor 
superfamily, member 12, WSL-LR, 
WSL-Sl and WSL-S2 proteins 


Y09392 


NM_003790 . 


793 


794 


aminopeptidase N/CD13 


M22324 


NM_001150 


795 


796 


growth arrest and DNA-damage- 
inducible protein (gadd45) 


M60974 


NM_001924 


797 


798 
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KIAA0638 protein 


AB014538 




799 


800 


vinculin 


M33308 


NM_003373 


801 


802 


procollagen-proline, 2-oxoglutarate 
4-dioxygenase (proline 4- 
hydroxylase), alpha polypeptide II 


U90441 


NM_004199 


803 


804 


msgl -related gene 1 (mrgl), 
Cbp/p300-interacting transactivator 


U65093 


NM__006079 


805 


806 


microsomal glutathione S- 
transferase 3 


AF026977 


NM_004528 


807 


808 


vitamin A responsive; cytoskeleton 
related 


AF070523 


NM_(K)6407 


809 


810 


17-kDa protein, interferon- 
stimulated protein, 15 kDa 


Ml 3755 


NM_005101 


811 


812 


matrix metalloproteinase 14 
(membrane-inserted) 


X83535 


NM_004995 


813 


814 


4F2 cell-surface antigen, solute 
carrier family 3, member 2 


J02939 


NM_002394 


815 


816 


metallothionein-m 


M93311 


NM_005954 


817 


818 


protein kinase (c AMP-dependent, 
catalytic) inhibitor alpha 


S76965 


NM_006823 


819 


820 


protein kinase (cAMP-dependent, 
catalytic) inhibitor alpha 


S76965 


NMJ)06823 


duplicate 




reticulocalbin 1, £F-hand calcium 
binding domain 


D42073 


NM_002901 


821 


822 


lipin 1,KIAA0188 


D80010 




823 


824 


protease, serine, 23 


AF015287 


NM_007173 


825 


826 


hect domain and RLD 2 


AF041080 


NM_004667 


827 


828 


GATA-binding protein (GATA2) 


M68891 


NM_002050 


829 


830 


agrin precursor 


AF016903 




831 


832 


equilibrative nucleoside transporter 
l(hENTl) 


U81375 


NM_004955 


833 


834 


coronin, actin-binding protein 2B, 
KIAA0925 


* AB023142 




835 


836 


f-box and WD-40 domain protein 3 


U07000 


NM_012165 


837 


838 


nonsyndromic hearing in^)ainnent 
protein (DFNA5) 


AF073308 


NM_004403 


839 


840 


actin filament associated protein 


D25248 


NM_021638 


841 


842 


TNFR-related death receptor-6 
(DR6) 


AF068868 


NM_014452 


843 


844 


serum/glucocorticoid regulated 
kinase 


Y10032 


NM_005627 


845 


846 


DNaseX 


X90392 


NM_006730 


847 


848 
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DNaseX 


X90392 


NMJ)06730 


duplicate 




fatty acid desaturase 3 


ACUU4 / /U 


NM_021727 


849 


850 


T "VT 1 


M2zoi7 




851 


852 


ATP-binding cassette, sub-family C 
(CFTR/MRP), member 1 


X78338 


NM_004996 




854 


transmembrane protein (CD59) 


M84349 




855 


856 


fms^related tyrosine kinase 1, 
VEGFR-1 


S77812 




857 


858 


Hypothetical protein FLJ23403 


AI681538 


NM 022068 


859 


860 


hypothetical protein FLJ20898 


AI733570 


NM 024600 


861 


862 
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CLAIMS 

We claim: 

1. A method for differentially modulating the growth or 
diflferentiation of blood endothelial cells (BEC) or lymphatic endothelial cells (LEG), 
comprising contacting endothelial cells with a composition comprising an agent that 
diflferentially modulates blood or lymphatic endotheHal cells, said agent selected from 
the group consisting of: 

(a) a polypeptide that comprises an amino acid sequence of a BEC 
polypeptide or a LEG polypeptide, or an active fragment of said polypeptide ; 

(b) a polynucleotide that comprises a nucleotide sequence that encodes 
a polypeptide according to (a); 

(c) an antibody that specifically binds to a polypeptide according to 

(a); 

(d) a polypeptide comprising a fragment of the antibody of (c), 
wherein the fragment and the antibody bind to the polypeptide; 

(e) an antisense nucleic acid to a human gene or mRNA encoding the 
polypeptide of (a); 

(f) an interfering RNA (RNAi) to a human gene or mRNA encoding 
the polypeptide of (a). 

2. A method according to claim 1, wherein the endothelial cells 
are contacted with the composition ex vivo, 

3. A method according to claim 1, wherein the composition 
comprises a pharmaceutically acceptable diluent, adjuvant, or carrier, and the 
contacting step comprises administering the composition to a mammalian subject to 
differentially modulate BEGs or LEGs in the mammalian subject. 
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4. A method according to claim 3, comprising: 

identifying a human subject with a disorder characterized by 
hypeiproliferation of LECs; and 

administering to the human subject the composition, wherein the agent 
diflferentially inhibits LEC growth compared to BEC growth. 

5. A method according to claim 3, comprising: 

identifying a human subject with a disorder characterized by 
hypeiproliferation of LECs; 

screening LECs of the subject to identify oyerexpression of a 
polypeptide set forth in Table 3; and 

administering to the human subject the composition, wherein the agent 
differentially inhibits LEC growth compared to BEC growth by inhibiting expression 
of the polypeptide identified by the screening step. 

6. A method according to claim 3 of modulating the growth of 
lymphatic endothelial cells in a human subject, comprising steps of: 

identifying a human subject with a hypoproliferative lymphatic 

disorder; 

screening the subject to identify underexpression or underactivity of a 
LEC polypeptide set forth in Table 3, wherein said protein is not set forth in Table 1 or 
2; 

administering to the human subject said composition, wherein the 
agent comprises the LEC polypeptide (a) identified by the screening step or an active 
fragment of said polypeptide, or comprises the polynucleotide (b) that comprises a 
nucleotide sequence that encodes the polypeptide. 

7. Use of an agent for the manufacture of a medicament for the 
differential modulation of blood vessel endothelial cell (BEC) or lymphatic vessel 
endothelial cell (LEC) growth or differentiation, said agent selected from the group 
consisting of: 
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(a) a polypeptide that comprises an amino acid sequence of a BEC 
polypeptide or a LEC polypeptide, or an active fragment of said polypeptide ; 

(b) a poljmucleotide that comprises a nucleotide sequence that encodes 
a polypeptide according to (a); 

(c) an antibody that specifically binds to a polypeptide according to 

(a); 

(d) a polypeptide comprising a fragment of the antibody of (c), 
wherein the fragment and the antibody bind to the polypeptide; 

(e) an antisense nucleic acid to a human grae or mRNA encoding the 
polypeptide of (a); 

(f) an interfering RNA (RNAi) to a human gene or mRNA encoding 
the polypeptide of (a). 

8. A method or use according to any one of claims 1-7, wherein 
the polypeptide is a LEC polypeptide selected from the LEC polypeptides set forth in 
Table 3, and the agent differentially modulates LEC growth or differentiation over 
BEC growth or differentiation.. 

9. A method or use according to any one of claims 1-7, wherein 
the polypeptide is a BEC polypeptide selected from the BEC polypeptides set forth in 
Table 4, and the agent differentially modulates BEC growth or differentiation over 
LEC growth or differentiation. 

10. A method or use according to any one of claims 8 and 9, 
wherein the polypeptide is not set forth in Tables 1 or 2. 

11. A method or use according to claim 8, wherein the LEC 
polypeptide comprises an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 81, 187, 207, 211, 221, 235, 241, 293, and 391. 



155 



wo 03/080640 



PCT/US03/06900 



12. A method or use according to claim 8, wherein the LEC 
polypeptide comprises an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 31-34, 46, and 48. 

13. A method or use according to claim 12, wherein the agent 
comprises an antibody according to (c) or polypeptide according to (d). 

14. A method according to claim 12, wherein the agent comprises 
an extracellular domain fragment of the polypeptide of (a), or a polynucleotide 
^coding said extracellular domain fragment. 

15. A method or use according to any one of claims I-IO, wherein 
the agent comprises an antisense molecule. 

16. A method of treating hereditary lymphedema comprising: 
identifying a human subject with lymphedema and with a mutation in 

at least one allele of a gene encoding a LEC protein identified in Table 3, wherein the 
mutation correlates with lymphedema in human subjects, and with the proviso that 
said LEC protein is not VEGFR-3; and 

administering to said subject a composition comprising a lymphatic 
growth agent selected from the group consisting of VEGF-C polypeptides, VEGF-D 
polypeptides, VEGF-C polynucleotides, and VEGF-D polynucleotides. 

17. Use of a lymphatic growth agent selected from the group 
consisting of VEGF-C polypeptides, VEGF-D polypeptides, VEGF-C 
polynucleotides, and VEGF-D polynucleotides in the manufacture of a medicament 
for the treatment of hereditary lymphedema resulting from a mutation in a LEC gene 
identified in Table 3, with the proviso that said gene is not VEGFR-S, 

18. A method of screening for an endothelial cell disorder or 
predisposition to said disorder, comprising' 
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obtaining a biological sample containing endothelial cell mKNA from 
a human subject; and 

measuring expression of a BEC or LEG gene from the amount of 
mRNA in the sample transcribed from said gene, wherein the BEC or LEG gene 
encodes a polypeptide identified in Table 3 or 4. 

19. A method of monitoring the eflScacy or toxicity of a drug on 
endothelial cells, comprising steps of: 

measuring expression of at least one BEC or LEG gene in endothelial 
cells of a mammalian subject before and after administering a dmg to the sujbect, 
wherein the at least one BEC or LEG gene encodes a polypeptide set forth in Table 3 
or Table 4, and wherein changes in expression of the BEG or LEG gene correlates 
with eflBcacy or toxicity of the dmg on endothelial cells. 

20. A method of identifying compounds that modulate growth of 
endothelial cells, comprising 

culturing endothelial cells in the presence and absence of a compound; 

and 

measuring expression of at least one BEC or LEG gene in the cells, 
wherein the BEC or LEG gene is selected from the genes encoding polypeptides set 
forth in Tables 3 and 4, wherein a change in expression of at least one BEG gene in 
the presence compared to the absence of the compound identifies the compound as a 
modulator of BEC growth, and wherein a change in expression of at least one LEG 
gene in the presence compared to the absence of the compoimd identifies the 
compound as a modulator of LEG growth. 

21. A method according to claim 20 of screening for a compound 
that selectively modulates BEC or LEC growth or diflferentiaion, 

wherein the measuring step comprises measuring expression of at least 
one BEG gene and at least one LEG gene in the cells, and 
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wherein the method comprises screening for a compoxmd that 
selectively modulates BEC or LEG growth or differentiation by selecting a compound 
that differentially modulates expression of the at least one BEC gene compared to 
expression of the at least one LEG gene. 

22. A composition comprising 

an isolated polynucleotide that comprises a nucleotide sequence that 
encodes a polypeptide comprising an amino acid sequence selected from the group 
consisting of SEQ ID NOs: 31-44, 46, 48, 50, 52, 81, 187, 207, 211, 221, 235, 241, 
293, and 391; and 

a pharmaceutically acceptable diluent, carrier or adjuvant. 

23. A composition according to claim 22, comprising a 
polynucleotide that comprises a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 14-30, 45, 47, 49, 51, 82, 93, 111, 188, 208, 212, 222, 
236, 242, 294, and 392, or a fragment thereof that encodes the polypeptide. 

24. An expression vector comprising an expression control 
sequence operably linked to a polynucleotide that comprises a nucleotide sequence 
that encodes a polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 31-44, 46, 48, 50, 52, 81, 187, 207, 211, 221, 235, 
241, 293, and 391. 

25. An expression vector according to claim 24 that is a 
repHcation-deficient adenoviral or adeno-associated viral vector containing the 
polynucleotide. 

26. A composition comprising an expression vector accordmg to 
claim 24 or 25 and a pharmaceutically acceptable diluent, carrier, or adjuvant. 
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27. A kit comprising the composition according to any one of 
claims 22, 23, or 26 packaged with a protocol for administering the composition to a 
mammalian subject to modulate the lymphatic system in said subject. 

28. A host cell transformed or transfected with an expression vector 
according to claim 24. 

29. A method for producing a LEC polypeptide comprising steps of 
growing a host cell according to claim 28 under conditions in which the cell expresses 
the polypeptide encoded by the polynucleotide. 

30. A purified and isolated polypeptide comprising an amino acid 
sequence selected from the group consisting of SEQ ID NOS: 31-44, 46, 48, 50, 52, 
81, 187, 207, 211, 221, 235, 241, 293, and 391. 

31. A purified and isolated polypeptide comprising an amino acid 
sequence selected fi-om the group consisting of: 

(a) SEQ ID NOS: 31-34, 46, 48, 207, 676, 859, and 861; and 

(b) an extracellular domain firagment of at least 10 amino acids of an 
amino acid sequence of (a). 

32. A pvirified and isolated, soluble polypeptide according to claim 
31 comprising an extracellular domain fi-agment of an amino acid sequence selected 
fix)m the group consisting of : SEQ ID NOS: 31-34, 46, 48, 207, 676, 859, and 861, 
wherein the polypeptide lacks any transmembrane domain. 

33. A polypeptide according to claim 32 that lacks any intracellular 

domain. 
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34. A fusion protein comprising a polypeptide according to claim 
32 or 33 fused to an immunoglobulin fragment comprising an immunoglobulin 
constant region. 

35. A composition comprising a polypeptide or protein according 
to any one of claims 30-34 and a pharmaceutically acceptable diluent, carrier or 
adjuvant. 

36. A kit comprising the composition according to claim 35 and a 
protocol for administering said pharmaceutical composition to a mammalian subject 
to modulate the lymphatic system in said subject. 

37. An antibody that specifically binds to a polypeptide according 
to any one of claims 30-34. 

38. An antibody according to claim 37 that is a humanized 

antibody. 

39. A protein comprising an antigen binding domain of an antibody 
that specifically binds to a polypeptide according to any one of claim 30-34, wherein 
said protein specifically binds to said polypeptide. 

40. A method of identifying a LEG nucleic acid comprising: 

(a) contacting a biological sample containing a candidate LEG 
nucleic acid with a polynucleotide comprising a fragment of at least 14 contiguous 
nucleotides of a sequence selected from the group consisting of SEQ ED NOS:1-30, 
45, 47, 49, 51, 82, 93, 111, 188, 208, 212, 236, 242, 294, and 392, or a complement 
thereof, under the following stringent hybridization conditions: 

(i) hybridization at 42*'G for 20 hours in a solution containing 
50% formamide, 5xSSPE, 5x Denhardfs solution, 0.1% SDS and 0.1 mg/ml 
denatured salmon sperm DNA, and 
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(ii) washing for 30 minutes at 65^C in IxSSC, 0.1% SDS; and 
(b) detecting hybridization of said candidate LEC nucleic acid and 
said polynucleotide, thereby identifying a LEC nucleic acid. 

41. A method of identifying a LEC protein comprising: 

(a) contacting a biological sample containing a candidate LEC 
protein with a LEC protein binding partner selected from the group consisting of an 
antibody according to claim 37 or a protein according to claim 39, under conditions 
suitable for binding therebetween; and 

(b) detecting binding between said candidate LEC protein and said 
LEC binding partner, thereby identifying a LEC protein. 

42. Amethodofidentifying a LEC comprising: 

(a) contacting a biological sample comprising cells with a LEC 
binding partner under conditions suitable for binding therebetween, wherein said LEC 
binding partner comprises an antibody that binds to a polypeptide comprising a 
sequence selected from the group consistmg of SEQ ID NOS:31-34, 46, 48, 207, 676, 
859, and 861, or comprises an antigen binding fragment of said antibody; and 

(b) identifying a LEC by detecting binding between a cell and said 
LEC binding partner, where binding of the LEC binding partner to the cell identifies a 
LEC. 

43. A method of assaying for risk of developing hereditary 
lymphedema, comprising 

(a) assaying nucleic acid of a human subject for a mutation that 
correlates with a hereditary lymphedema phenotype and alters the encoded amino acid 
sequence of at least one gene allele of the human subject when compared to the amino 
acid sequence of the polypeptide encoded by a corresponding wild-type gene allele, 
wherein the wild-type polypeptide is a polypeptide identified in Table 3. 
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44. A method of assaying for risk of developing hereditary 
lymphedema, comprising 

(a) assaying nucleic acid of a human subject for a mutation that 
correlates with a hereditary lymphedema phenotype and alters the encoded amino acid 
sequence of at least one gene allele of the human subject when compared to the amino 
acid sequence of the polypeptide encoded by a corresponding wild-type gene allele, 
wherein the wild-type polypeptide comprises an amino acid sequence selected fix>m 
the group consisting of SEQ ID NOS: 31-44, 46, 48, 52, 54, 207, 676, 859, and 861; 

(b) correlating the presence or absence of said mutation in the 
nucleic acid to a risk of developing hereditary lymphedema, wherein the presence of 
said mutation in the nucleic acid correlates with an increased risk of developing 
hereditary lymphedema, and wherein the absence of said mutation in the nucleic acid 
correlates with no increased risk of developing hereditary lymphedema. 

45. A method of assaying for risk of developing hereditary 
lymphedema, comprising 

(a) assaying nucleic acid of a himian subject for a mutation that 
alters the encoded amino acid sequence of at least one transcription factor allele of the 
human subject and alters transcription modulation activity of the transcription factor 
polypeptide encoded by the allele, when compared to the transcription modulation 
activity of a transcription factor polypeptide encoded by a wild-type allele, 

wherein the wild-type transcription factor polypeptide comprises an 
amino acid sequence selected from the group consisting of SEQ ID NO: 81, SEQ ID 
NO: 211, SEQ ID NO: 241, and transcription factors encoded by sequences in Table 
5; and 

(b) correlating the presence or absence of said mutation in the 
nucleic acid to a risk of developing hereditary lymphedema, wherein the presence of 
said mutation in the nucleic acid correlates with an increased risk of developing 
hereditary lymphedema, and wherein the absence of said mutation in the nucleic acid 
correlates with no increased risk of developing hereditary lymphedema. 
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46. The method according to claim 45 wherein said wild-type 
transcription factor allele comprises the SoxlS amino acid sequence set forth as SEQ 
ID NO:54. 

47. The method according to claim 46 wherein the assaying 
identifies a mutation altering a transactivating or DNA binding domain amino acid 
sequence of the protein encoded by the SoxlS allele. 

48. The method according to claim 46, wherein said mutation 
reduces transcriptional activation of a SOX18-responsive gene compared to 
transcriptional activation of said gene by wild-type SOX18. 

49. A method of assaying for risk of developing hereditary 
lymphedema, comprising 

(a) assaying nucleic acid of a human subject for a mutation that 
alters the encoded amino acid sequence of at least one LEC gene allele of the human 
subject and alters the binding aflSnity of the adhesion polypeptide encoded by the 
LEC gene allele, when compared to the binding aflSnity of an adhesion polypeptide 
encoded by a wild-type allele, 

wherein the wild-type adhesion polypeptide comprises an amino acid 
sequence selected from the group consisting of SEQ ID NOS:31-34, 46, 207, 676, 
859, and 861; and 

(b) correlating the presence or absence of said mutation in the 
nucleic acid to a risk of developing hereditary lymphedema, wherein the presence of 
said mutation in the nucleic acid correlates with an increased risk of developing 
hereditary lymphedema, and wherein the absence of said mutation in the nucleic acid 
correlates with no increased risk of developing hereditary lymphedema. 

50. The method according to any one of claims 43-49, wherein the 
assaying identifies the presence of the mutation, and the correlating step identifies the 
increased risk of said patient developing hereditary lymphedema. 
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51. A method of screening a human subject for an increased risk of 
developing hereditary lymphedema comprising assaying nucleic acid of a hxmian 
subject for a mutation that alters the encoded amino acid sequence of at least one 
polypeptide comprising an amino acid sequence of Table 3, 

52. A method of claim 51, wherein the polypeptide comprises an 
amino acid sequence selected from the group consisting of SEQ ID NOS: 31-44, 46, 
48, 50, 52, and 54, 207, 676, 859, and 861 in a manner that correlates with the risk of 
developing hereditary lymphedema. 

53. The method according to claim 52 wherein flie polypeptide 
comprises the SOX18 amino acid sequence set forth in SEQ ID NO: 54. 

54. The method according to any one of claims 43-53 wherein said 
method comprises at least one procedure selected from the group consisting of: 

(a) determining a nucleotide sequence of at least one codon of at 
least one polynucleotide of the human subject; 

(b) performing a hybridization assay to determine whether nucleic 
acid from the hxmian subject has a nucleotide sequence identical to or different from 
one or more reference sequences; 

(c) performing a polynucleotide migration assay to determine 
whether nucleic acid from the human subject has a nucleotide sequence identical to or 
different from one or more reference sequences; and 

(d) performing a restriction endonuclease digestion to determine 
whether nucleic acid from the human subject has a nucleotide sequence identical to or 
different from one or more reference sequences. 

55. The method according to any one of claims 43-53 wherein said 
method comprises: performing a polymerase chain reaction (PGR) to amplify nucleic 
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acid comprising the coding sequence of said LEG polynucleotide, and determining 
nucleotide sequence of the amplified nucleic acid. 

56. A method of screening for a hereditary lymphedema genotype 
in a human subject, comprising: 

(a) providing a biolo^cal sample comprising nucleic acid from 
said subject, and 

(b) analyzing said nucleic acid for the presence of a mutation 
altering the encoded amino acid sequence of the at least one allele of at least one gene 
in the human subject relative to a human gene encoding an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 31-44, 46, 48, 50, 52, 54, 207, 
676, 859, and 861, wherein the presence of a mutation altering the encoded amino 
acid sequence in the human subject in a manner that correlates with lymphedema in 
human subjects identifies a hereditary lymphedema genotype. 

57. The method according to claim 56 wherein said biological 
sample is a cell sample. 

58. The method according to claim 56 wherein said analyzing 
comprises sequencing a portion of said nucleic acid. 

59. The method according to claim 56 wherein the human subject has a 
hereditary lymphedema genotype identified by the method of screening. 

60. The method according to claim 49, wherein the at least one gene 
corresponds to the human Sox 18 gene that encodes the amino acid sequence set forth 
in SEQ ID NO: 54. 

61. A method of inhibiting lymphangiogenesis comprising 
administering to a subject an inhibitor of a LEC transmembrane 

polypeptide. 
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wherein the LEG transmembrane polypeptide comprises an amino acid 
sequence selected from the group consisting of SEQ ID NOs: 31-34, 46 48, 207, 676, 
859, and 861, and 

wherein the inhibitor is selected from the group consisting of 

(a) a soluble extracellular domain fragment of the LEG transmembrane 

polypeptide; 

(b) an antibody that binds to the extracellular domain of the LEG 
transmembrane polypeptide; 

(c) a polypeptide comprising an antigen binding domain of the 
antibody according to (b); and 

(d) an antisense nucleic acid complementary to the nucleic acid 
encoding the LEG transmembrane polypeptide or its complement. 

62. A method according to claim 61, wherein the inhibitor is a 
polypeptide comprising an extracellular domain fragment of an LEG polypeptide, 
wherein the sequence of said extracellular domam is selected from the group 
consisting of amino acids 1-152 of SEQ ID NO:31, amino acids 1-695 of SEQ ID 
NO:32 and amino acids 1-248 of SEQ ID NO:33. 

63. The method according to claim 61 or 62 wherein said subject is 
a human containing a tumor. 

64. A method for modulating lymphangiogenesis in a mammalian 
subject comprising: administering to a mammalian subject in need of modulation of 
lymphangiogenesis an antisense molecule to a LEG polynucleotide, in an amount 
eflfective to inhibit transcription or translation of the poypeptide encoded by the LEG 
polynucleotide, wherein the LEG polynucleotide comprises a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 14-30, 45, 47, 49, AND 51, 208, 
677, 860, and 862. 

65. A method of treating hereditary lymphedema, comprising: 
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(a) identifying a human subject with hereditary lymphedema and 
with a mutation that alters the encoded amino acid sequence of at least one 
polypeptide of the human subject, relative to the amino acid sequence of a 
polypeptide comprising an amino acid sequence selected from the group consisting of 
SEQ ID NOS: 31-44, 46, 48, 50, 52, 54, 207, 676, 859, and 861; and 

(b) administering to said subject a lymphatic growth factor selected 
from the group consisting of a VEGF-C polynucleotide, a VEGF-C polypeptide, a 
VEGF-D polynucleotide, and a VEGF-D polypeptide, 

66. A method of modulating the growth of endothelial cells or 
endothelial precursor cells, comprising contacting endothelial cells or endothelial 
precursor cells with a composition comprising an agent the modulates prox-1 
transcription regulation in the cells, wherein the agent is selected from the group 
consisting of: 

(a) a prox-1 polypeptide; 

(b) a polynucleotide encoding a prox-1 polypeptide; 

(c) an antisense molecule to prox-1 . 

67. A method according to claim 66, wherein the cells comprises 
cultured endothelial cells or endothelial precursor cells, and the contacting is 
performed ex vivo, 

68. A method according to claim 67, wherein the contacting 
comprises including the agent in the culture medium. 

69. A method according to any one of claims 66-68, wherein the 
cells comprise endothelial precursor cells. 

70. A method according to any one of claims 66-69, wherein the 
cells are introduced into a mammalian subject after the contacting step. 
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71, A method according to claim 70, wherein the subj ect is human. 

72. A method according to claim 71, wherein the human subject 
has a LEC disorder. 



73. A method of increasing LEC function in a human subject, 

comprising: 

isolating endothelial cells or endothelial precursor cells from a human 

subject; 

transforming or transfecting the endothelial cells with an expression 
vector comprising a nucleotide sequence encoding a prox-1 polypeptide, to promote 
LEC differentiation and growth; and 

administering the LEC cells to a human subject after the transforming 
or transfecting step. 

74. A method according to claim 73, wherein the human subject of 
the isolating and administering steps is the same. 

75. A method according to claim 73 or 74, wherein the himian 
subject has lymphedema. 

76. A method according to any one of claims 73-75, wherein the 
vector and transforming or transfecting method are selected for transient expression of 
the prox-1. 

77. A method according to any one of claims 73-75, wherein the 
expression vector comprises a replication-deficient adenoviral vector. 

78. An isolated polypeptide comprising an amino acid sequence at 
least 95% identical to amino acids 61-127 of SEQ ID NO: 31. 
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79. A polypeptide according to claim 78, comprising an amino acid 
sequence at least 95% identical to amino acids 30-152 of SEQ ID NO: 31. 

80. A soluble polypeptide comprising a fragment of the amino acid 
sequence set forth in SEQ ID NO: 31, wherein said fragment lacks the transmembrane 
and intracellular amino acids of SEQ ID NO: 3 1 . 

81. An isolated polypeptide comprising at least one leucine-rich 
region of SEQ ID NO: 32. 

82. An isolated polypeptide according to claim 81, wherein the 
polypeptide lacks transmembrane amino acids of SEQ ID NO: 32. 

83. An isolated polypeptide comprising at least one leucine-rich 
region of SEQ ID NO: 33. 

84. An isolated polypeptide according to claim 81, wherein the 
polypeptide lacks transmembrane amino acids of SEQ ID NO: 33. 

85. An isolated polypeptide comprising an amino acid sequence at 
least 95% identical to a fragment of a polypeptide comprising the amino acid 
sequence set forth in SEQ ID NO: 111, 

wherein said fragment includes at least one thrombospondin type I 
repeat sequence. 

86. An isolated polypeptide according to claim 85, wherein said 
fragment includes the six thrombospondin type I repeat sequences of SEQ ID NO: 
111. 
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87. An isolated polypeptide comprising an amino acid sequence at 
least 95% identical to a fragment of a polypeptide comprising the amino acid 
sequence set forth in SEQ ID NO; 111, 

wherein said fragment includes at least one immunoglobulin C-2 type 

domain. 

88. An isolated polypeptide according to claim 85, wherein said 
fragment includes the three immunoglobulin C-2 type domain sequences of SEQ ID 
NO: 111. 

89. A fusion protein comprising a polypeptide according to any one 
of claims 78-88 and a heterologous polypeptide. 

90. An antibody that specifically binds to a polypeptide according 
to any one of claims 78-88. 

91. A polynucleotide comprising a nucleotide sequence that 
encodes a polypeptide according to any one of claims 78-89. 

92. An expression vector comprising a polynucleotide according to 
claim 91 operatively linked to an expression control sequence. 

93. An expression vector according to claim 92 that is a 
reprelication deficient adenoviral vector. 
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